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Invest it in Ferodo! 


These world-employed industrial friction linings last longer, 








act smoother, stay safer than any others. Non-productive maintenance time is 
slashed, and once Ferodo Friction Linings are fitted, they won’t 
need renewing for a long, long time. So it’s easy to see that 
with more working hours per machine, Ferodo Industrial Brake and Clutch 


Linings more than repay their installation costs—and quickly too! 


FERODO 


FRICTION LININGS 
for Industry 


FERODO LIMITED CHAPEL-EN-LE-FRITH + A Member of the Turner & Newall Organisation 
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AUXILIARY ROLLING. MOQE > Sie 


80 inch Continuous Strip Pickle Line, 
the largest of its type in Europe, 


or the 


Abbey Works of The Steel Company of Wales Ltd. 


The Pickle Line will build up coils up to 20 tons in 
weight prior to cold rolling and has a capacity of 
10,000 tons per 168 hour week. 


Our products include the complete range of ae 
Mechanical Handling Machinery and Acid Bo 3 
a 


and Mechanical Processing Units for the 
production of steel strip. SG 


a7 7a J 
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THE WELLMAN SMITH OWEN ENGINEERING CORPN. LTD. 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.! WORKS: DARLASTON, SOUTH STAFFS. 
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‘“‘Phew! the other place can’t be much worse Bert!” 


F fumes, smoke, steam or excessive heat are caused by the indus- 
trial processes in your factories or workshops, obviously you will 
need efficient ventilation. Hills Patent Roof Ventilating Shutters offer 
the simplest and most effective solution. They provide what is virtually 
a moveable roof to the building. At the touch of a button they open 
wide to the sky—rapidly drawing off heat and fumes, and letting in fresh 
air and natural daylight. They can be easily and economically installed 
in new or existing buildings, and are constructed and rustproofed to give 
a lifetime’s trouble-free operation. 
Expert advice on all aspects of industrial ventilation can be obtained 
from our Technical Advisory Department. Fully illustrated literature 
on request. 


CLEAR THE AIR WITH 


% HILLS INDUSTRIAL VENTILATORS 
include Ventilating Shutters, Stack Ventila 
tors and Wail-type Air Inlet Ventilators 


HILLS roof ventilating shutters 


HILLS (WEST BROMWICH ) LTD., ALBION ROAD, WEST BROMWICH, STAFFS. Tel: WESt Bromwich 1025/6 
LONDON: 125, HIGH HOLBORN, W.C.1. Tel: HOLborn 8005] 6. Branches at Birmingham, Bristol, Leeds, Manchester, Newcastle-on- Tyne, Glasgow & Belfast. 
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Exciting Displays by 2,000 proud exhibitors from 
almost every British industry with something new to 
show. 


Inventions, developments and devices . . . designed 
by men who know what the customer wants . . . who 


welcome the chance to demonstrate. 


Keen Buyers from every country in the world who 
know the value of being first where new designs and 
ideas are to be found . . . who seize this chance to see 
so much in so short a time . . . who appreciate the 
opportunity of profit and the certainty of pleasure in a 


vast pre-view of Britain’s latest goods. 


Special Attractions of great interest to the 
public . . . from the outstanding achievements of 
British industry to household goods and gadgets for the 
delight of every man and his wife . . . the Everest 
Expedition display and the largest Commonwealth 
Section ever at Earls Court; the British North Greenland 
Expedition display at Olympia; the gigantic mechanical 
equipment at Castle Bromwich. 


THE BRITISH INDUSTRIES FAIR 


CASTLE BROMWICH - EARLS COURT - OLYMPIA 


Trade Buyers—daily 9.30—6 Public Admission—daily 2—6 (and all day Saturday, May 8th) 2/6d to each building. 
Fair closes at 4 p.m. on Friday, May 14th. 
Catalogues price 2/6d at Fair entrances—or from B.I.F., Lacon House, London, W.C.1, after April 20th. 
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Gangslitters 





A range of high speed Precision Slitters, built in 7 sizes to 
cover a wide variety of cut strip requirements from narrow 
strip to wide sheet. Complete Slitting Lines, including 
Pay-off Reels, Strip Levellers, Scrap Cutters and Coilers. 


JOSHUA BIGWOOD & SON LTD - WOLVERHAMPTON - ENGLAND 
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1427 00 TONS OF 


COAL PER OVEN 


STEWARTS & LLOYDS LTD., CORBY 
N0.1, BATTERY OF 35 W-D BECKER COKE OVENS, 















Un-retouched photographs by the Photographic Section 

oj the Corby Department of Research and Technical 
Development showing Oven first pushed | Ith June, 1934 
ater carbonising 142,700 tons of coal. The Battery is 
sill in regular full operation. 


S.H.POTTER 


G.A.HUNTER J STEPHENSON D. DAVIES 
(Coke Ovens 
« Manager) ga 












L.TIMMINS —R. HIGGS v 






H.E. WARNER G. NICHOLAS * 4 






W.HAMILTON  , 







The Manager and some of his staff who put the Battery into operation 
and were on the day shift on 31st December, 1953 when the 
photographs were taken. 











WOODALL-DUCKHAM 
CONSTRUCTION COMPANY LTD. 


Woodall-Duckham House, 63-77 Brompton Road 
London, S.W.3 


Grams: Retortical(Southkens) London. Phone: KENsington 6355 (10 lines) 
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BASIC PIG IRON -: PLAIN PLATES 


FLOOR PLATES - : - ADMIRALTY 
DIAMOND -: - + ‘SUPERTREAD’ & 
‘SUPERGRIP’ + - NICKEL & MONEL 


CLAD PLATES - LIGHT SECTIONS 
AND HOT ROLLED STRIP - BLOOMS, 
BILLETS & SLABS : - * *« SPECIAL 
STEELS ° ° * REFRACTORIES - : 











CONSETT IRON CO. 


LIMITED 
Z CONSETT - CO. DURHAM -: ENGLAND 


TELEPHONES: CONSETT 341 (10 LINES). TELEGRAMS: STEEL; PHONE, C 
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Is that rather like asking ‘‘ How long 

is a piece of string ?’’ In tons and cwts it is of 
course ; but in commonsense terms it isn’t, for the 
weight of steel in a furnace depends on the 

weight of the bricks it is built from. The lighter the 
brick the lighter its framing and supporting 
structure—and the smaller the motors and lifting 
gear if it’s a heat treatment furnace. That’s one 
reason for using M.1.28 refractories... they 


are about a third the weight of firebrick. 





Their other advantage stems from the same 
source. Owing to their lightness (and the fact that 
they are insulators) they have a very low 
thermal capacity: they soak up far less heat 
than ordinary firebricks. Furnaces heat up ina 
fraction of the time. You get more charges per shift 
and a larger output per furnace. And wherever 
slag attack and mechanical abrasion is not severe, 
M.1.28 bricks can be used as the actual furnace lining: 


they withstand a face temperature of 2800°F (1538°C). 


MORGAN 


efractories ARE WORTH FAR MORE THAN THEY COST 


THE MORGAN CRUCIBLE CO. LTD., (Refractories Group), Neston, Wirral, Cheshire. Telephone: Neston 1406 
NESO 
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USED IN 
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Possess the following advantages :— 
1 Easily regulated to produce the grading of coke best suited to any sinter furnace. 


2 Handle efficiently coke breeze containing up to 15% moisture. 

3 Automatic in operation, requiring but little attention in service with reasonable 
maintenance costs, 

4 The consistent uniform product ensures continuous production of best quality 


sinter. 
Write for illustrated brochure. 


ERNEST NEWELL & COMPANY LTD: MISTERTON via DONCASTER 


Cablegrams and Telegrams: NEWELLS, MISTERTON, NOTTS 
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REFRACTORY 
CONGRETE 


works engineers 
have many uses for 





The adaptable Refractory Material The low cost and extreme adaptability of its many 
properties explain the tremendous growth in the use of Refractory Concrete in all types of Works. 
The many applications include foundations, door linings, repairs to producer linings, charge 
hole blocks, retort setting, flues, retort house quenching floors, coke shoots, top paving, 
carburettor head tiles, dampers, lids, brick setting, crucible furnaces, melting furnaces, coke 


oven doors, coke oven pipe linings, furnace arches, etc. 


NAS ae 
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BOILER 
FOUNDATIONS 
Photograph by courtesy of Messrs. Spray & Burgass Ltd., 


Dyers & Finishers, Colwick, Nottingham, 


Send for further details 
Refractory Concrete including one of ot Refractory Charts 
Is Refractory aggregate bonded with Ciment Fondu high-alumina cement giving mixesfer various purposes. 
It is ready for use and of great strength and hardness in 24 hours. 
Can be used to reduce joints to a minimum. 
Can be cast to any shape. Requires no pre-firing. _ 
Is stable under load up to 1,300°C. Has a melting point of about 
1,450°C. ’ ; 
Has no appreciable drying shrinkage or after-contraction. 
Can be brought to working temperatures 24 hours after making. 
Does not spall under widest sudden fluctuations of temperature. 
Pre-cast blocks or special shapes can be made of practically any = es 
size or shape without distortion or cracking. Concrete Rock Hard within one day 
Uses old scrap firebrick to a very large extent. 
Provides an ideal bond for setting firebricks. 















LAFARGE ALUMINOUS CEMENT CO. LTD. 
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73 Brook Street, London, W.1. Telephone MAYfair 8546 


® 3/1203 
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What will a purchasing agent pay 
—for Tradition? 


If by Tradition you mean nothing but'a 
perpetual harking back to old-fashioned 
ways and the Chairman’s great-grandfather, 
then the answer is—Nothing ! 

But even the toughest buyer knows that 
there is value in dealing with a firm of 
individuality and character, despite the 
fact that it was founded in 1778. 

The 1500 workers at Doncasters of Sheffield 
embody old skills informed and_trans- 
formed by scientific knowledge of materials 


and treatment and applied to the output of 
modern plant of high productivity. 

Doncasters supply largely to buyers in the 
transport and engineering trades who have 
a need for drop forgings, valve stampings, 
bars of tool or other tough hard steels, and 
steel forgings both light and heavy. 

Such men buy keenly, but not so keenly 
that they do not value high quality, service 
and integrity of craftsmanship. 
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DANIEL DONCASTER & SONS LIMITED - SHEFFIELD 


FORGINGS + DROP FORGINGS + HARDENED STEEL ROLLS + HEAT TREATMENT 
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20-ton -motor electric overhead crane, 80-ft 
span, with magnets supported ona special beam. 
The magnet yokes are arranged to carry steel 
plates in a tilted position for loading on to 
specially designed railway wagons. 





50-ton (auxiliary hoist 20-ton) 4-motor, elec- 
tric overhead crane, 93{t span, for handling 
drawn tubes. 





ey oe a ee 
Te INN 7 


te, 


Nae 
‘ atte 8. "7 
. ee a 


20-ton, 3-motor, electric overhead crane, 46-ft 
span for handling steel billets in a cutting off 


CRANES 


CRAVEN BROTHERS CRANE DIVISION LTD LOUGHBOROUGH 
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STEELS 


ENCIRCLE THE GLOBE 





WHERE OUR STEELS GO 
EUROPE - BELGIUM - CYPRUS - DENMARK - EIRE - FAROE IS. - FINLAND - FRANCE « GIBRALTAR - GREECE - HOLLAND - ICELAND 
ITALY - MALTA - NORWAY - PORTUGAL - SPAIN - SWEDEN - SWITZERLAND - YUGO-SLAVIA ASIA : ADEN -« ARABIA - BORNEO 
BURMA - CEYLON - CHINA « DUTCH EAST INDIES - HONG KONG - INDIA - IRAN » IRAQ * MAURITIUS » PAKISTAN + SEYCHELLES - SYRIA 
AFRICA - EGYPT - GOLD COAST : KENYA ° LIBYA « LIBERIA - NIGERIA - NYASSA +: NORTHERN RHODESIA - SIERRA LEONE * SOUTH AFRICA 
SOUTHERN RHODESIA - ST. HELENA : SUDAN - TANGANYIKA 
NORTH AMERICA - BRITISH WEST INDIES - CANADA GUIANA : CHILE - COLOMBIA - ECUADOR - PARAGUAY 
DUTCH WEST INDIES - NEWFOUNDLAND PERU - URUGUAY - VENEZUELA 
NICARAGUA : UNITED STATES OF AMERICA AUSTRALASIA - AUSTRALIA ; Fiji ISLANDS - MALAYA 
SOUTH AMERICA - ARGENTINA - BRAZIL » BRITISH NEW ZEALAND : PENANG : SIAM » SINGAPORE - TONGA 
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FOR COILING AND UNCOILING OF STEEL AND 
NON-FERROUS STRIP 


CONSULT HEAD WRIGHTSON 


Tie four Head Wrightson pay-off and tension 
r-els shown above represent part of an 
o-der for 7 which were supplied for temper 
rill, slitting line, and cut-up-lines handling 
a uminium strip. 

Lesigns are available for many sizes and 
types of pay-off and tension reels. Units 
now being built are suitable for coils [i uumas 
of 20 tons weight and 74” wide. 


One customer has recently 
ordered 9 reels for 
steel strip. 


yw 


8 


: as : 
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One of three reels supplied to 
The Steel Co. of Wales for their 
Abbey Works 


One of two reels supplied to 
The Steel Co. of Wales for their 
Lysaght Works 


If you require cold strip mill equipment consult 


*“" HEAD WRIGHTSON MACHINE C°L? 


COMMERCIAL STREET, MIDDLESBROUGH 
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PIN-POINTING Hat 





HALF A MILLION 





REFERENCES 


Research Department is the Technical Information 
Section, where an index is kept with over half a 
million references to published work relating to 
nickel and nickel-containing materials. This index 
is growing steadily all the time. 

From this index it is possible to select and 
compare the recorded results of experiment and ex- 
perience from all over the world on any aspect of 
the behaviour or working of nickel-containing mater- 
ials. This information supported by further tests, 
if necessary under service conditions, can often be ap- 
plied to the solving of a new metallurgical problem. 

You are invited to make full use of the Mond 
Development & Research Services to help you get 
the best results from nickel. 











MOND 


THE COMPANY LIMITED - SUNDERLAND HOUSE - CURZON ST: LONDON - S.W i 


NICKEL 
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INDUSTRIAL PIPEWORK 





Complete Installation Service ® 
for ‘ 
STEEL WORKS, CHEMICAL WORKS, OIL 
REFINERIES, GENERATING STATIONS, ec 
TIN PLATE WORKS, GAS WORKS, etc., etc. 
Steam . Water . Compressed Air . 7 
Pressure Lubrication . Hydraulic e 
Systems. Petrol. High Pressure Gas. 
Heating . Acids and Chemicals, etc. sd 
Gas and Water Main-laying ‘ 
& 
e e ® ¥ ® * » » e e . J * a @ s 3 ® 
* 
o 
® Current Contracts include: 
STEEL COMPANY OF WALES, PORT TALBOT & TROSTRE. 
s METAL BOX COMPANY, NEATH 
ATOMIC RESEARCH STATION, HARWELL. 
a J. SUMMERS & SONS, LTD., STEEL WORKS, SHOTTON. 
LLANELLY STEEL CO., LTD. 
e DORMAN LONG & CO., LTD. 


ROUND OAK STEEL WORKS. 
REGENT OIL COMPANY (CANVEY ISLAND). 
@ ADMIRALTY, etc. 





e 

& 

> WILLIAM 

LIMITED 
22 QUEEN ANNE’S GATE, WESTMINSTER, S.W.1 
Telephone: WHitehall 1752-3 & 2961 Telegrams: Unwater, Parl, London 
WILLOUGHBY LANE, TOTTENHAM, N.17 

Telephone: TOTtenham 3050 (12 lines) Telegrams: Unwater, Southtot, London 
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KILN CONTROL PANEL 


The temperature control panel at West Hunwick 
is centrally situated so that each kiln temperature 
schedule is under immediate inspection. The 
least deviation can, therefore, be immediately 
detected and corrected. 














A Hunwick Silica brick may look the same as any other 
Silica brick. 


But the only Silica brick which is really the same as a 
Hunwick Silica brick is any other Hunwick Silica brick 
and between those—all the hundreds of thousands of 
them—there is no difference at all. One is as good as 
any other, all are as good as the rest. 


This consistency is maintained only because the control 
at our works is evident at every stage of manufacture. 
There is no room for human error, no possibility of 
deviation between the quality of one brick and the next. 


That is a point to bear in mind when specifying Silica 
bricks. It is good to know that not a single Hunwick brick 
in a million could possibly let you down. 


Also Roof Blocks made from South African 
Amorphous Rock a speciality. 







WES HUNT AGES 
(Controlled 


WEFRACTORIES 





THE WEST HUNWICK SILICA AND FIREBRICK COMPANY LIMITED 
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HUNWICK, WILLINGTON, CO. DURHAM. Tel. CROOK 200. 
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HONEYWELL 


with 
this 










Brings 
RAPID 
ACCURATE 
MEASUREMENT 
to the 
Metal 


Industry 


BROWN MOLTEN METAL TEMPERATURE RECORDER 


Rapid response speed of 54 seconds 
for full scale travel. 


Positive pen and pointer drive 
unaffected by vibration. 


Push button standardisation and thermo- 
couple circuit proving system. 


The Brown Molten Metal Temperature Recorder is ideally suitable 
for making rapid and accurate temperature checks with immersion 
thermocouples, for any molten metal. It is another application of 
the Brown “‘ElectroniK’’ Potentiometer, already world renowned 
for precision recording and the automatic control of temperature, 
in metal treatment and processing industries where reliability 
with little maintenance is essential. A demonstration will be 
arranged if desired; further details on request. 


WORKS: Newhouse - Motherwell - Lanarkshire + Scotland 
SALES OFFICES: London - Glasgow - Birmingham - 


AFFILIATED COMPANIES: Amsterdam - Brussels - Paris -« 
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Sheffield 
Stockholm + Zurich 


Automatic chart drive with 
adjustable start/stop setting. 


Potentiometric accuracy with automatic 
cold junction compensation. 


Wide application for all types of melting furnaces 
in the ferrous or non-ferrous industries. 


HONEYWELL- BROWN 





1 Wadsworth Road: Perivale -Greenford : Middlesex 


British Made Patent 


Manchester Specification 436,089 








B. 0. 6 Deseaming 


Surface flaws in billets, ingots or slab—no 
matter how extensive—can be removed in 
next to no time by hand-deseaming equipment 
made by the B.O.C. In one great new steelworks 
this equipment is used to remove scale inclu- 


sions from rolled slabs of steel. So rapid is the 





operation that six men working three shits 
throughout the 24 hours of the day can eas ly 
keep pace with the factory’s huge productica. 
Perhaps B.O.C Deseaming can help you to !o 
a first-class job at lower cost. Ask our local 


branch office for a demonstration. 
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conditions 


Ten times faster than 


CHIPPING OR 














RITISH OXYGEN CO LTD 


LONDON AND BRANCHES 
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Kling hot-metal 
ladle cars 


The 75-ton hot-metal ladle cars shown in 
service at the Sheepbridge Company Ltd., 


Chesterfield, are made by Ashmore, Benson, 


Pease & Company Ltd. 

The wheels run on Timken tapered-roller 
bearings, as shown in the line drawing, and 
over 80 cars, built and building by the firm, 
are equipped in this way. 


MADE IN ENGLAND 


TIMKEN 


tapered-roller bearings 


REGD. TRADE MARK: TIMKEN 


BRITISH TIMKEN LTD. 
DUSTON, NORTHAMPTON; AND BIRMINGHAM 


Telephone: Northampton 4921/8.Telegrams: Britimken Phone Northampton 


Subsidiary Companies: Fischer Bearings Co. Ltd., Wolverhampton Timken-Fischer 
Stockists Ltd., Birmingham 


20 
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THE STEEL TUBE AGE 
Laying an 18in. diam. S & L steel sewer 


for the Peterlee Development Corporation’s new town. 


The illustration shows a Viking Johnson coupling being fitted 
to the main by the contractors, Tarslag Ltd. 


The main was laid under the supervision of the Corporation’s Chief Engineer, 
R. G. S. Roberts, Esq., A.M.I.C.E., A.M.1.Mun.E., A.M.T.P.1. 


STEWARTS AND LLOYDS LIMITED 


GLASGOW -: BIRMINGHAM : LONDON 


The largest manufacturers | S & IL | of steel tubes in Europe 
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Koll Call 


OF INDUSTRIAL PROGRESS 


Britain’s largest makers of cast steel and cast iron of 
unsurpassed quality. Besides their well known range of 
qualities to suit the requirements of the ferrous and 
non-ferrous rolling mills, the British Rollmakers 


= ener — Corporation Limited also contribute to the Develop- 


LS ment of the paper, rubber, linoleum, paint, flour milling 
R. B. TENNENT LTD., , 
Whifflet Foundry, Coatbridge, Scotland. and many other industries. 


C. AKRILL LTD., 
Gold’s Green Foundry, West Bromwich. 


THOMAS PERRY LTD., 
Highfields Works, Bilston. 


BAYLISS ROLLS LTD., 


Weston Road, Crewe. me 
| BRITISH 


te se R 0 LL we A K E R S| 


ROLLMAKERS 
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. . «+ What, none ? Well, hardly any—in 
fact, with every type of Morgan CRUCIBLE 
furnace the metal loss really is negligible. 
Just as important, there is no need of 
special supervision or highly skilled tech- 
niques. That is why so many of the ‘ big 
names ’ in industry use them. You, too, 





could save your metal, and your money, 
from going up in smoke—by using 
Morgan CRUCIBLE furnaces. From Crown 
Pieces to chairs, or typewriter parts to 
railway components, there is a multitude 
of products which sell well because they 
are made well—and made well because 
someone knew the value of ‘‘ Crucible 
Melting . . . the Morgan Way.”’ 


Please write for literature 





= 
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the Morgan = 
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THE MORGAN CRUCIBLE COMPANY LTD. - BATTERSEA CHURCH ROAD - LONDON SW I! - BAT 8822 
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Photograph by courtesy of Messrs. Tho 
Firth & John Brown Ltd., Sheffield. 





STEELWORKS PLANT AND AUXILIARIES 


HOT AND COLD ROLLING MILLS 


HOT AND COLD ROLLS FOR FERROUS 


AND NON-FERROUS ROLLED PRODUCTS 


SHEFFIELD P.O. BOX I18 
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CLEANING THE NATION’S COAL 
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This 200 tons hour coal preparation plant 
was designed and constructed at the Bank 
Hall colliery for the National Coal Board 
by Simon-Carves Ltd. 

The plant, which incorporates two Baum 
washers and provision for fines treatment, 
washes a blend of run-of-mine coal 
direct from the Bank Hall pit together 
with lorry - borne coal from Reedley col- 
liery. A large proportion of clean coal is 
normally despatched from the landsale 
bunkers by lorry but provision is made for 
outloading to rail wagons when necessary. 


Simon-Carves Lid @ 


STOCKPORT, ENGLAND 





Simon-Carves (Africa) (Pty) Ltd: Johannesburg Simon-Carves (Australia) Pty L dn 


OVERSEAS COMPANIES 





S.C. 104 
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Because each member of the Ward Group of Companies can call upon any of the 
others to supplement its experience, the knowledge and competence of the entire group 
is immeasurably increased. Here is partnership with 


G E A R E D F 0 & a practical meaning... a group of companies 
each offering a specialised service to industry, 

J N D U S$ TP | A L yet able, by reason of group associations, to 
call to such service all the advantages 

D E VE L OP M E N T of closely integrated group resources. 
This is the modern interpretation of the principles with which Thos, W. Ward 

started his business 75 years ago. For three-quarters of a century the founder and his 

successors have been guided by a single aim—to provide a comprehensive range of 

products and services which would assist in the development of industry and 


commerce throughout the world. How far that aim has been achieved can be measured 
by the position which the Ward Organisation occupies in world industry today. 


The TWW Service Includes :- 

IRON AND STEEL - NON FERROUS METALS - PLANT & MACHINERY » TRACTORS & EARTH MOVING PLANT * FOUNDRY PLANT & 

SUPPLIES - CONTRACTORS’ PLANT & EQUIPMENT - EXCAVATORS & CRANES « INDUSTRIAL PLANT - STRUCTURAL STEELWORK 

CEMENT + GRANITE & FREESTONE + ROADSTONE & ROADMAKING + INDUSTRIAL DISMANTLING < RAILS & SIDINGS 

SHIPBREAKING + WIRE & WIRE PRODUCTS + NUTS & BOLTS - PACKINGS & JOINTINGS + INSULATING MATERIALS 
FOOD PREPARING MACHINERY 


THOS. W. WARD LTD Tt 


ALBION WORKS - SHEFFIELD 





AND LONDON, GLASGOW, MANCHESTER, BIRMINGHAM, LIVERPOOL, BRISTOL, GRAYS, WISHAW, PRESTON, BARROW, BRITON FERRY Telep 
MIDDLESBROUGH, MILFORD HAVEN, INVERKEITHING. ANTWERP, PARIS, BOMBAY, CALCUTTA, SYDNEY, AND STOCKHOLM GP 35 
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MORGAN 


CONTINUOUS ROLLING MILLS 
WITH MORGOIL BEARINGS 











FOR BILLETS, SHEET-BARS, MERCHANT BARS, 


WIRE RODS, STRIP, SKELP, SECTIONS, ETC. 


MORGAN INSTALLATIONS ARE GIVING 
SATISFACTION UNDER THE MOST EXACTING 


CONDITIONS ALL OVER THE WORLD. 


~ ‘ 
. ad 
Pee 


se ‘oe In : 


- 
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MORGAN BILLET MILL WITH MORGOIL 
BEARINGS 

142 in the United States, 24 in Great Britain, 
10 in France, 6 in Germany, 6 in Canada, 3 in 
Belgium, 5 in India, 5 in Australia, | in Russia, 
| in Argentina, | in Luxembourg, | in Norway, 
| in Holland, | in Italy, | in Sweden and 2 in 
Austria. Total 210. 


OTHER SPECIALITIES : 


MORGAN GAS MACHINES @ SOAKING 
PITS (ISLEY CONTROLLED) * HOT 
METAL MIXER CARS @ MILL FURNACES 
3 TYPHOON ROTARY FLAME GAS 
BURNERS @ “ARCA” GAS PRESSURE 
REGULATORS @ MORGAN AIRJECTORS. 


THE INTERNATIONAL CONSTRUCTION CO. LTD. 


56 KINGSWAY, 


Telephone: HOLBORN 1871/2 


LONDON, W.C.2 


Telegrams : SAHLIN, WESTCENT, 2 LONDON 
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5000 h.p. motor (50 r.p.m. basic 
speed) driving a 42! 
mill in the Redbourn Works, 


EC 


ROLLING MILL DRIVES 


Thomas & Baldwins Ltd 





KINGSWAY 
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WELDED & RIVETTED PLATE WORK, STEEL STRUCTURES, FABRICATED STEEL BED PLATES & WHEELS 








Tilting Furnace Casing 





We are able to design and All Welded Mild Steel Blow Boiler 5 ft. 
outside dia. x 16 ft. long on straight. 
Weight 4 tons, 16 cwt. For working 
welded work to meet your pressure of 150 Ibs. per sq. inch. 


manufacture all kinds of 


requirements or alternatively 


to manufacture to your own 


specification. 


Thornton 


We shall welcome your enquiries for 


all types of welded equipment large or Be Welded Mild Steel Benzole 
small, in single items or quantities. a Water Separating Tank. 8 ft. dia 





THORNTON LIMITED 


Engineers’ Contractors, Turnbridge, Huddersfield 


Phone. Huddersfield 7541-2-3 
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JOSEPH ADAMSON 


WASTE HEAT BOILERS 


The Joseph Adamson Waste Heat Boiler is specially 
designed to generate steam by making highly 
effective use of the waste gases leaving open-hearth 
furnaces, re-heating furnaces, soaking pits, gas 
retorts etc. It is of straight-through fire tube design, 
with most effective heat transfer and economy in fan 
power. As it is not set in brickwork, air infiltration 
is avoided; no economiser is meeded as the 
temperature of gases is reduced to 80°/90°F. above 
saturation temperature. 


JOSEPH ADAMSON & CO. LTD. 


S°o.80K 4° HVYOes>CcwHESHIER 


in association with 
Adamson Alliance Co. Ltd., 165 Fenchurch St., London, E.C.3 
Horsehay Co. Ltd., Wellington, Salop. The Alliance Machine Co., Alliance, Ohio, U.S. 


ADAMSON GROUP |} 


J.A.2. 
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BAYLEYS 


— TELEGRAMS: BAYLEY SHEFFIELD 9 * TELEPHONE: SHEFFIELD 41031 
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ARG FURNACES 


FOR FOUNDRIES AND STEELWORKS 


Medium and low-frequency induction fur- 
naces for steel refining and zinc, copper 
and aluminium melting. 

Electrolytic plant for the recovery of 
precious and base metals. 


DEMAG-ELEKTROMETALLURGIE G.M.B.H. 


KARLSRUHE DUISBURG W. GERMANY 





REPRESENTATIVES FOR THE UNITED KINGDOM 


D.M.M. (MACHINERY) LTD. 
66, VICTORIA STREET LONDON S.W.1 Tel: VIC 6565 
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XILN CAPACITY OVER 
i'¢ MILLION BRICKS 





Stephens 


STEPHENS’ 


Super Grade Low Alumina 





Silica Brick 


FINE SILICA CEMENT FOR 
< SETTING SILICA BRICK 


STIGNIC CEMENT FOR BASIC 
STEEL LADLES 


SPECIAL FIRE CEMENTS for all 
purposes 


STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


REGENN BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


SILICA BRICK CO., LTD. 
KIDWELLY 


Telegrams :—STEPHENS, KIDWELLY. Codes :—ABC 4th & Sth Editions 


Liebers & Marconi 
Telephone :—KIDWELLY No. | 
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Workington Iron and Steel 





Week by week the British steel industry records new production achievements. 
In the great effort to meet ever-rising demands from home and foreign markets 
“ENGLISH ELECTRIC’ equipment plays a widespread and worthy part. 

A number of new and important rolling-mill drives have been installed by ‘ENGLISH 
ELECTRIC’ in post-war years. All exhibit features which emphasize the value of 
the Company’s 40-year experience in this field; the considerable number of drives 
installed have included the largest yet built in Britain. 

The motor shown is driving a 39” Reversing Cogging Mill and has a continuous 
rating of 3,250 h.p. at 35/70 r.p.m. and a Cut-out Torque of 1,470,000 Ib. ft. 
(9,750 h.p., 0/35 r.p.m.). Incorporated in the control of such mills are special 


characteristics to give rapid response and at the same time fully protect the equipment. 


ENGLISH ELECTRIC 


wom SEE See 8 8 
Mls a Feyeyt arives 

S$ XN NNN NS S WS Ke 
PUN TH GPives 


























THE ENGLISH ELECTRIC Company LIMITED, QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 
Metal Industries Division, Stafford 


WORKS: STAFFORD + PRESTON + RUGBY + BRADFORD + LIVERPOOL - ACCRINGTON 
DRM! 
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Fluor Spar 


METALLURGICAL GRADE 
TO A GUARANTEED 
SPECIFICATION 


CaF. 80/85% 
SiO. MAX 5% 
Size All+#’-76" 


No Fines 








= Glebe 
Dae OEYAM 
Nr. SHEFFIELD 


TELEPHONE : EYAM 281-282 
TELEGRAMS: “FLUORIDES” 
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Albert 
Is a 
Master 
of the 
Rolls! 


Public records? No—but the rolls 
that owe their quality to Albert 
Hopkinson are no less important 
in their way. For Albert is a master 
of the cold rolling of steel strip—a sturdy art that demands the highest 
degree of skill and dexterity. [nto every minute that he works, Albert 
concentrates a lifetime’s learning. He knows that on his knowledge and 
experience depend the = safety and efficiency of the world-wide 
applications of Habershon Steel Strip. 

For well over a century we have manufactured hot and cold rolled strip, 
sheets and sections (maximum width 32", minimum thickness 0015") to all 


specifications and for all purposes. Your enquiries are invited. 


abershon sree strip 


meets the most exacting requirements 











J. J. Wabershon & Sons Lid., Rotherham, Telephone 2081 (6 lines) 
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of SPECIAL ALLOYS 


at Sheepbridge Steel Castings Limited 













Birlec high frequency induction melting furnaces ensure accurate analyses in the 
production of special heat resisting alloys. Backed by the extensive “ know-how” 
of the American Ajax Electrothermic Corporation, Birlec equipment is characterised 
by rigid coil construction and generous electrical specification, providing robust 


and reliable melting facilities. 


With standard sizes from a few ounces to a few tons, the range of Birlec 
high frequency melting furnaces is suitable for steels, special irons, nickel alloys 


and many other metals. 











Above: one of the two 10 cwt. furnaces at Sheepbridge Steel 
Castings Ltd. The furnaces are powered by a 400kW high 
frequency motor alternator generator which is connected to either 
furnace through a change-over switch. 


Inset top: pouring one of the furnaces ; hydraulic tilting 


mechanism is used. 


Inset bottom : the furnace platform showing control desk and 


instrument panel. 


BIRLEC LIMITED 


ERDINGTON - BIRMINGHAM - 24 





Sales and service offices in LONDON, SHEFFIELD and GLASGOW 
sm/B. 1157.532 
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We make the widest Sheets and have the 
largest galvanizing baths in Britain 


STEEL 
SHEETS 


BLACK & GALVANIZED 








ALL PURPOSES 








Smith « McLean, Ltd. 


179 WEST GEORGE STREET, 


Telephone: CENtral 0442 


GLASGOW, C.2. 
Telegrams : ‘CIVILITY’ Glasgow 
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CONTACTOR CONTROL 
for Heavy Industry 








The CONTACTOR EQUIPMENT illus- 
trated is controlling seventeen motors total- 
ling 6,850 h.p., a 6,000 h.p. motor driving 
a motor-generator set, and various other 
auxiliary drives. Inset is shown the roughing 
train of the Merchant Rod Mill at the 
Tremorfa Works of Messrs. Guest, Keen 
and Nettlefolds (South Wales) Ltd., Cardiff. 
For more than forty years BTH has held a | 
position of leadership in the development 
of automatic “‘finger-tip”’ control of heavy 
electric plant through the medium of con- Where only the best is good enough — 
tactors. These contactors, designed by ex- 

perts, are proved by protracted “‘life tests” Specify BTH Contactor Control 
before going into service. 


THE 


—BRITISH THOMSON-HOUSTON 


COMPANY LIMITED, RUGBY, ENGLAND 








Member of the AE! group of companies A4316 


April, 1954 








Modern Bar Heating Furnaces 


This is one of the furnaces installed by us at the New South Works of Messrs. 
Ashmore, Benson, Pease & Co., Stockton-on-Tees. Designed to consume clean 
producer gas it has a heating chamber of 25’ 0” long x 4’ 0” wide. The design 


includes metallic recuperators for air preheat and the maximum use of insulation. 


We shall be pleased to 16k into your individual *vquirements 






FURNACES 


MUA 


SHEFFIELD, ENGLAND 
Telephone:202N/2 


WINCOTT 


G.P. WINCOTT Limite oe 
Qelegrams: WINCOTT, SHEFFIELD. 


South African Representatives: Ashmore, Benson, Pease & Co. Africa (Pty) Ltd., 15, Simmonds Street, Johannesburg _— 
W/IS 
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THE LANCASHIRE STEEL CORPORATION LIMITED 
Telephone : 1600 WARRINGTON telegrams: LANCASTEEL 


Works: IRLAM & WARRINGTON 





BASIC PIG IRON FERRO-MANGANESE 
SIEMENS-MARTIN OPEN-HEARTH BASIC STEEL 
ROLLED AND RE-ROLLED STEEL PRODUCTS 





17 NORTHUMBERLAND AVENUE, Telegrams: 


LONDON OFFICE: “‘rRaraLGAR SQUARE, W.C.2  é/ephone: WHITEHALL 7515 | aNCasTEEL, RAND. LONDON 
Associated Companies : 
THE PEARSON & KNOWLES ENGINEERING CO. LTD. RYLANDS BROTHERS LTD. WHITECROSS COMPANY LTD. 


April, 1954 +] 
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CONTACT OF 


ENGLANE 















For The tron 





This illustration of a contactor panel for’ are felling mill is i further example of CONTACT OR 
SWITCHGEAR equipment for the Iron and Steel Industry. There is an A.C, artment 
serving constant speed auxiliaries and a D.C. compartment giving for the main drives Ward: 
Leonard control by means of motorised regulators and for other auxiliaries reversing and 
time controlled acceleration up to base speed and current control up to a preset top speed. 
Operation is carried out entirely from two remote control desks also manufactured by 
Contactor Switchgear Ltd. May we have your oh od for Steelworks contactor control 
gear in general? i 








rae 


CONTACTOR SWITCHGEAR LTD 


PemeCcCNHALL WOLVERHAMPTON ENGLAND 


Telephone: Wolverhampton 25111 (5 lines) Telegrams: TACTORGEAR Wolverhampton 
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5.000.000 cu. ft. per hour 


At the Sheepbridge Company’s Works, Chesterfield, 


this new electrostatic precipitation plant 






















cleans 5,000,000 cu. ft. of blast furnace gas 

per hour, to within guaranteed limits 

of 0.007 grains cu. ft./N.T.P. In January, 1952, 
tests carried out gave a result of 

0.005 grains per cu. ft. with an equivalent gas 


volume of 4,840,000 cu. ft. per hour. 


¢ UTSTANDING 
FEATURES OF THE 
| ODGE-COTTRELL 
SYSTEM. 


@ lant is practically 
utomatic. No special 
killed attention is 


@ Extremely small resistance 
to gas flow. 


@ Power and maintenance costs 
lower than those of any 
method giving comparable 
results. 


@ All-British equipment and 
manufacture of the very best 
workmanship and finish. 


LODGE-COTTRELL LTD GEORGE STREET PARADE BIRMINGHAM 3 PHONE CENTRAL = 
2623 


April, 1954 43 
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WN” ~~ GE STEEL PROTECTION 


Miraculum is every bit as efficient as 
genuine red lead, plus these important 
advantages. It covers twice the area, 
cutting material costs. Miraculum works 
so easily and smoothly labour costs are 
saved. It is regularly first choice as the 
essential protective priming coat and 
perfect second coat key for steel structures 
all over the world. Structural Engineers 
know that whichever way they look at 
it—with Miraculum they can’t go wrong. 
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BRITISH PAINTS LIMITED 


PORTLAND ROAD, NEWCASTLE UPON TYNE, 2. Tel: 25151. 
CREWE HOUSE, CURZON STREET, LONDON, W.I. Tel: GROSVENOR 6401-5. 








epu/em2 


Ap 
44 JOURNAL OF THE IRON AND STEEL INSTITUTE 








| 
| 























TITTLE 


BOON WENT 


DESIGNERS AND MANUFACTURERS OF : 














FURNACES AND HANDLING PLANT, GAS PRODUCERS, 
COKE OVENS, GAS WORKS PLANT, DRESSLER TUNNEL 


KILNS AND REFRACTORIES 


LTO. DIBDALE WORKS: DUDLEY: WORCS. 
aac } Telephone : DUDLEY 3141 


April, 1954 15 








Joilored for the job 


The lighting of many processes is vital to the smooth and rapid flow of 
work and to the quality of the finished product. For example, poor 
lighting could make a spray tunnel into a bottle-neck — each job taking 
a little too long, a little portion missed, a return to the spray line — and 
so the whole production line marks time. Whatever form it takes, good 
lighting not only helps to provide a satisfactory working environment but 
is an active production tool. 

Fluorescent lighting is as good as daylight — only more consistent. It 
is efficient ; it is economical; and it is flexible. You can ‘ tailor ’ it, easily 
and exactly, to the special requirements of production at all stages. 


NS 
yy 
\) 





Rover Car Factory, Solihull. High intensity lighting in a 
body spray tunnel by fluorescent lamps in a glazed enclosure 


HOW TO GET MORE INFORMATION 


Your Electricity Board will be glad to advise 
you on how to use electricity to greater 
advantage —to save time, money, and 
materials. The new Electricity and Pro- 
ductivity series of books includes one on 
lighting — “ Lighting in Industry ”’. Copies 
can be obtained, price 9/- post free, from 
E.D.A., 2 Savoy Hill, London, W.C.2, or 
from your Area Electricity Board. 


e & NA 
Wy WS 
Electr icity Ss y [ RODUCTIVI TY Issued by the British Electrical Development Association 
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For Quality Ferro Alloys 


Chromium in the form of ferro- 
chrome is one of the lowest cost 
alloying metals used by the iron 
and steel industry. The high 
carbon ferro-chrome manufac- 
tured by Bemco is renowned for 
its high quality, cleanliness and 


uniform analysis. It is specially 
graded and sized when necessary 
to customer's own specification 
and like the other ferro-alloys 
manufactured and distributed by 
Bemco it represents the highest 
quality obtainable. 





BRITISH ELECTRO METALLURGICAL COMPANY 


A DIVISION OF UNION CARBIDE LTD. 


WINCOBANK -: SHEFFIELD - ENGLAND 


‘elephone: Rotherham 4257 Telegrams: ‘‘BEMCO, Sheffield ’’ 
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Meeting PI +. 


of European IndusQ 


The International Fair of Liege offers a com- 
plete picture of the most recent industrial 
achievements. You will find the latest 
developments in your field whether it be 
mining, machinery, metallurgy or electricity. 


\\ 


WRRANNNNNN 


A visit to this specialized exhibition will help you solve 
any problems that might arise in your particular field 
of activity. 







For all details, please apply to MINING 
Foire Internationale de Liége, 
17, boulevard d’Avroy, Liege, Belgium, META LLURGY 






or Mattis Industries Ltd., 4, john Adam 
Street, London, W.C.2. Trafalgar 5502-3 






MECHANICAL ENGINEERING 







\ 


6" International Fair’ ‘Liége | 
















ELECTRICAL ENGINEERING 94¢h APRIL-9th MAY 195: 





HARLAND 


DESCALING 
PLANT 


Harland Hydraulic Descaling Systems 
areinstalled in many branchesofthesteel 
industry where scale formation during 
the processing of hot metal has been a 
constant concern for years. Thesystems 
ensure that the material is entirely free 
from scale without the need for salt, 
brushwood or mechanical appliances 
which are detrimental to the mill. 






Inset: The Harland Spray Nozzle. 


A Harland Multistage descaling pumpset 
delivering 270 gallons per minute against 
2425 feet head. 


THE HARLAND ENGINEERING CO LTD WORKS: ALLOA SCOTLAND 


LONDON OFFICE HARLAND HOUSE 20 PARK ST. W.1 PHONE GRO 1221 BRANCHES IN BRISTOL, GLASGOW, LEEDS, MANCHESTER, NEWCASTLE, NOTTINGHAM, WOLVERHAMPTON & OVERSEAS 
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ee) +) 3) 4 x AND BY-PRODUCT 


Coe] (=e) sa ‘KY RECOVERY PLANT 






CLASCOW: 


April, 1954 





A Coke Oven Plant to carbonise 
1,000 tons of coal per day. 

This plant is in the course of 
construction for the National 


Coal Board at Lambton. 





THE COPPEE COMPANY (Great Britain) LTD. 
‘Coppee House, 140 Piccadilly, London, W.1. 


Telephone: GROsvenor 4976 Telegrams: Evcoppee, Phone, London. 


2! HOPE- STREET 7 ce NEWCASTLE-ON-TYNE : MANSION HOUSE CHAMBERS, THE CLOSE 











STEELWORK by 





SOUTH DURHAM 
stands for 





I QUALITY OF BASIC MATERIAL 
Our Steelworks are equipped with the 
most up to date plant and are respon- 
sible for the manufacture of plates and 
sections for our own constructional 
department. 


Z SOUNDNESS in CONSTRUCTION 
Our Constructional Department is fully 
equipped for the fabrication of steel 
structures of any type and size. Special 
attention has been given to modern 
developments in welded Portal Frame 
buildings and we have carried out many 
contracts of this type. 


ee 


SB SPEED IN ERECTION We employ 
our own Erection Staff -- men with 
reputations for speedy, efficient work 
who are available for quick and 
economic erection in any part of the 
Country. 


4f OVERALL ECONOMY The 
organisation of the group is flexible 
and allows for the greatest possible use 
of pooled industrial facilities. Top-level 
supervision plans progress, ensures that 
handling costs are kept to a minimum 
and steel gets to the site on time. 


SOUTH DURHAM 





STEEL & IRON CO. LTD. 


rm! eS AS N (incorporating CARGO FLEET !RON 
; CO. LTD.) 

















Centrai/ Constructional Department 
Malleable Works, 
Stockton-on-Tees. 
Telephone: Stockton-on-Tees 66117 
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The story of 100 years of progress at LOXULIB,7 


6) THE RESEARCH 
AND EXPERIENCE BEHIND 
MARSHALL REFRACTORIES 





GUARANTEES SATISFACTION 
IN SERVICE 








ds. 

% i CrapLep in steel over a cen- 
a tury ago the Marshall organisation 
= * has always striven to keep 

“i abreast of progress in the 

iron and steel industry. To 

this end our modern laboratories 

are constantly employed in 

research work dealing with new 
methods and materials 

and the advice of our 

Technical Development 

Department, with its vast 

knowledge of refractory materials 

and their application, is freely 
available to the industry. 

Our long experience enables 

us to choose the correct 


material necessary for each 
purpose which eliminates costly 
errors and whether you require 
refractories on a large scale 





quantity production or a small 

run of a specialised shape then 

you can rely on Marshalls to 

produce them. 

LADLE REFRACTORIES @ BOTTOM 

CASTING REFRACTORIES @® MOULD 

HEAD BRICKS @ TUNDISH BRICKS 

INGOT MOULD PLUGS @ FOUNDRY 

TUBES @ SPECIAL SHAPES @ BASIC 
SLEEVES, ETC. 


MCAVERSTIVAWLALY makes the refractories 


THOMAS MARSHALL & CO. (LOXLEY) LTD., Storrs Bridge Works, Loxley, Near Sheffield 
Telephone: Sheffield 43844 5/6 Telegrams: Marshall, Loxley, Sheffield 
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KESTNER—KEEBUSH PLANT 
includes 
Strip Pickling Plant 
Long Tube Pickling Units 
Wire Pickling Plant 
Storage Tanks 
Portable Tanks 
Rotary Pickling Machines 
Crystallisers 
Steam Injectors 


* 





KESTNER VORTEX 
STIRRER 






CHEMICAL FEEDER 









P.H.RECORDER 


RECORDER ELECTRODES 
PpoT 


LIQUOR OUTLET 





the 


disposal 


of 


effluents 


The problem of disposal of effluents from the chemical and metal 
handling industries is receiving greater attention because of the 
enforcement of regulations against river pollution. Where a Kestner 
Acid recovery process cannot be applied the Kestner Patent 
Continuous Neutralizer, illustrated above, provides the simplest 
and most compact method of continuous effluent neutralization. 
The diagram illustrates a typical application of the Neutralizer to a 
pickle liquor disposal problem, in conjunction with the Paterson 
type chemical feeder. Provision can be made fora continuous record 
of the pH of the liquor after neutralization or for continuous pH 
control. 


KESTNER EVAPORATOR & ENGINEERING CO. LTD. - 5, Grosvenor Gardens, London, S.W.! 
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THE CORRECT 
APPROACH TO 
ALL FURNACE 
PROBLEMS... 























| | fi. paitet runes | Ask Priest! — a Priest Furnace is the 


last word in furnace design. 


The illustrations show oil and gas 


fired Priest Furnaces for the heat 
treatment of Steel Castings. Supplied | 


etal 
the 
tner 
tent 
lest 
ion. 
Oo a Sige , ~~ 
"son ” _f id T Me my ee 
‘ord 


“ PRIEST FURNACES LIMITED . LONGLANDS - MIDDLESBROUGH 


to Atlas Steel Foundry Co. Ltd., 
Bathgate. 





£4 


ALSO AT TELEGRAPH BUILDINGS -: HIGH STREET -: SHEFFIELD 


fUT= F April, 1954 
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GRAMS: Whitehead, Newport 


Hot 
Rolled 
Steel 


HOOPS 
and 
STRIP 
BARS : 


Round 
Square 
Flat 





FERRO- 
CONCRETE 
BARS 

bent 

to 


specification 


BIRMINGHAM OFFICE: 
KING EDWARD HOUSE, 
NEW STREET, BIRMINGHAM, 2 


Telegrams : 
WHITEDSTEL, BIRMINGHAM 


Telephone : 
MIDLAND 0412-3 





WHITEHEAD 


[IRON &STEEL 





Bright 
Drawn 
Steel 
Bars 


for all purposes 


SPECIALITY :— 


WHISCO 


(REGD) 


BRAND. 


LONDON OFFICE : 
STEEL HOUSE, 
TOTHILL STREET, S.W.1 


Telegrams: 
WHITEDSTEL, PARL, LONDON 


Telephone : 
WHITEHALL 2984 
GLASGOW OFFICE: 
50 WELLINGTON STREET, C.2 


Telegrams : 
WHITEDSTEL, GLASGOW 


Telephone : 
CENTRAL 1528 
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PHONE: 3161 Newport 


Colca 
Rolled 


Stee 
Strip 


In all qualities 
including 


Special 
Deep 
Stamping 
in 

cut lengths 
or coils 





Speciality : 
VERY 

HEAVY 
CONTINUOUS 
LENGTH 
COILS 


MANCHESTER OFFICE: 
CHRONICLE BUILDINGS 


Telegrams : 
WHITEDSTEL, MANCHESTER 


Telephone: 
BLACKFRIARS 3172 
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The BASIG 
REFRACTORY 
with the LONGEST LIFE 


It is well known that unadulterated magnesite is the finest 





form of true basic refractory. Unfortunately, without reinforce- 
ment such magnesite bricks or blocks will spall. We offer to you 
the Magnesite Tube, which when combined in a structure will 
form a true monolith strongly resistant to abrasion without the 
fundamental weaknesses of normal basic refractory structures 
of oxide bursting expansion. These tubes are strongly recom- 
mended for those parts of an open hearth or electric furnace 
Technical where acute abrasion reduces the current life, i.e. 

information and Back walls, Wing walls, 

advice in regard End walls (target area)... OPEN HEARTH FURNACES 

to the above and Side walls, etc. vee eee wee ELECTRIC FURNACES 

any other refrac- 


tories, will be 
IMPORTANT. Zhe prices of magnesite tubes compare favour- 


gladly supplied on 
ably with those of other steel reinforced type basic brickwork. 


request. 


THE OUGHTIBRIDGE SILICA FIREBRICK COMPANY LTD 


A MEMBER OF THE STEETLEY ORGANIZATION 
OUGHTIBRIDGE near SHEFFIELD 


Telephone: OUGHTIBRIDGE 40804 Telegrams: SILICA PHONE, OUGHTIBRIDGE 
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Inhibited for life 


Where there’s a turbine there must 
be oil—special oil circulating con- 
tinuously through bearings and 
gears. If the turbine is to produce 
its full quota of electrical energy 
throughout its life, this oil must 
do a number of vital jobs. 

It must lubricate of course. It 
must also cool, prevent corrosion, 
and act as the hydraulic medium 
in governors, overspeed trips and 
emergency gear. To do all these 
things without deterioration a 
turbine oil must have high resis- 
tance tec oxidation and good de- 
mulsibility, and possess rust pre- 
ventive properties of a high order. 

Shell’s answer to the problem is 
a range of specially selected and 


refined turbine oils—the Shell 
Turbo Oils. These contain in- 
hibitors which counteract the 
effects of water and oxygen 
throughout the life of the turbine. 

Acidity—another enemy—is 
countered, in many large turbine 
sets that are Shell-lubricated, by 
acidity tests at-regular intervals. 
The readings are plotted on a graph 
kept by Shell as a continuous 
record of the oil’s condition. 

Shell inhibited turbine oils will 
function efficiently under the 
severest conditions for the longest 
possible period—the life of the 
initial charge is measured in 
decades. They will do this because 
they are the product of continuous 
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and comprehensive research, 
closely geared to progress in tur- 
bine design. Even now, Shell ex- 
perts are experimenting to produce 
better oils for the turbine of 
tomorrow. 

Shell’s laboratories at Thornton, 
Cheshire, cover an area of 800,000 
sq. ft. and are manned by a staff of 
over 800—that’s how Shell makes 
sure. 
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keeping a weather eye on things... 





People who can see how the wind is 
blowing are concentrating on quality. 


No matter which way you look, specifications are becom- 





ing more exacting and buyers more critical. That’s why 
you find more and more use being made of radiographic 
inspection — and incidentally, more and more orders 
rolling in for ILFORD Industrial X-ray films, a fact 
that we like to crow about in our less modest moments. 
By the way, the new ILFORD booklet “ X-ray Films, 
Screens and Chemicals for Industrial Radiography” is 
a treatise in miniature on this important branch of non- 





destructive testing. Write for a copy today—it will help 






you to keep a weather eye on things. 





ILFORD 


Industrial X-ray films 


in the service of Industry 





ILFORD LIMITED ILFORD LONDON 
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f INSIDE THE 
CONVEYORS AT 
MARGAM 


This comprehen- 
sive Mitchell belt 
conveyor system 
takes the raw 
materials to the 

coke ovens, blast , 

furnace, stock- OE Jitiwe 

yards and other 

sections of the 

Steel Company of ae Teel Wurk 
Wales’ huge works. 5. , 


Wagon Tippler 
Hoists built by 





This is only one of the many 


Mitchells also activities of the Mitchell Companies 
handle the incom- which includes civil engineering work of 
ing ore and coke 


wagons. all kinds, coal preparation plant, com- 
plete power stations, fuel firing equip- 


ment, etc.—anywhere in the world. 


MITCHELL 


MITCHELL ENGINEERING LTD., ONE BEDFORD SQUARE, LONDON W.C.1 TEL: MUSEUM 5511 


The Mitchell Engineering Group Ltd.; Mitchell Engineering Ltd. ; John M. Henderson & Co. Ltd. ; The Mitchell 
Construction Co. Ltd. ; Mitchell Ropeways Ltd. ; Illinois Stoker & Combustion Co. of Great Britain Ltd.; Vitreous 
Concrete Co. Ltd.; Open Steel Flooring Ltd.; Cooling Towers Ltd.; Agricultural Contractors Ltd.; Mechanical Handling Ltd. ; 
Mitchell Engineering Group of South Africa (Pty) Ltd.; Mitchell Engineering Group of India Ltd., Maci Pty Ltd. 


P4250 








OBERTSO 
Hot Steel Mills 


A 10} -in. x 24 in. 2 stand finishing 
mill for the production of merchant 


bar and rod to extremely close 


tolerances. 





W. H. A. ROBERTSON & CO. LTD., BEDFORD 


Licensees for the building of Sendzimir Cold Reduction Mills and Planetary Hot Mills. 
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Britain’s newest Open Hearth Furnace 
Plant, 8-150 tons Combination Oil and 


Sa 





is Coke Oven Gas Fired Furnaces designed e * 
and built by Salem. CS a nn ~ ul i i d it 

OPEN HEARTH FURNACES 
SLAB & BILLET HEATING FURNACES 
FORGING FURNACES 
ROTARY HEARTH FURNACES INDUSTRIAL FURNACES TO SUIT 
BOGIE TYPE FURNACES YOUR NEEDS AND CONDITIONS 
COVER TYPE FURNACES FOR ANNEALING 
COILS AND SHEETS Salem ENGINEERING CO. LTD. 
BLAST FURNACE LINING REBUILDS MILFORD HOUSE 
STOVE LINING REBUILDS MILFORD 
SOAKING PITS DERBY 


BRICK CHIMNEYS 
AUTOMATIC CHARGE & DISCHARGING 
MACHINES 








Tel DUFFIELD 2271 Grams KEENER BELPER 
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The electrolytic tinning process for tinplate: the plant at Ebbw Vale. 


RICHARD THOMAS & BALDWINS LIMITED 
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THE UNITED 


THE UNITED 


MEHL 


COMPANIES 1"° 


THE LARGEST STEEL PRODUCERS IN THE BRITISH 


The United Steel Companies Limited is the largest 


steel producer in the British Commonwealth of 


Nations, employing about 30,000 workers. The 
, bpd 35 

organisation operates iron ore mines, limestone 
quarries, blast furnaces, iron foundries, steelworks 


forges, rolling mills and other ancillary plant. 


STEEL COMPANIES LIMITED 


of SHEFFIELD 


The products of the group serve the great con- 
suming industries in mechanical engineering, 
shipbuilding, constructional and civil engineering, 
railways, the automobile and aircraft industries, 
hardware _ trades, every activity which 
absorbs iron and steel products in their many forms. 


indeed 





COMMONWEALTH 


APPLEBY-FRODINGHAM STEEL COMPANY, SCUNTHORPE, LINCS SAMUEL FOX & CO. LTD., SHEFFIELD 

STEEL, PEECH & TOZER, SHEFFIELD UNITED COKE & CHEMICALS COMPANY LIMITED, SHEFFIELD 

UNITED STRIP & BAR MILLS, SHEFFIELD UNITED STEEL STRUCTURAL CO. LTD., SCUNTHORPE 
WORKINGTON IRON & STEEL COMPANY, WORKINGTON 


THE UNITED STEEL COMPANIES LIMITED, SHEFFIELD ENGLAND 
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Progressive Engineering at the Service of the Metals Industries 


This 48” Reversing Cold 


Reduction Mill is in proc uctiy 


at the Lysaght Division, Jew, 


Mon., of The Steel Comp. ny 


Wales. It rolls varying er «des 


of steel strip down to ve 


gauges, in widths up to 42 , at 


speeds up to 1,250 feet per 


minute. It is equipped wit 


full complement of auxiliary 


equipment designed to handl 


coil of 24” inside diamete1 


weighing 22,000 lbs. 
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a T. P. COLCLOUGH, C.B.E., D.Se., M.Met., F.R.1.C. 

—! MYOM PEACH COLCLOUGH was born in 1885. He was educated at the University 
of Manchester, where he specialized in Organic Chemistry, and was awarded the 
degree of M.Sc. in 1906. He entered the steel industry in 1916, when he took 

ver’ ligitt up the appointment of Chief Chemist at the Brown-Firth Research Laboratories under 


the late Dr. Hatfield. Two years later he was awarded an Associateship and a Mappin 
Medal in Metallurgy at the University of Sheffield, and in 1920 he graduated in 
Metallurgy. The degrees of D.Sc. of Manchester University and M.Met. of Sheffield 
University were awarded to him in 1937. 
per He joined the Park Gate Iron and Steel Company, Limited, in 1920, and during 
the following nine years held the positions of Chief Chemist, Chief Metallurgist, 
Open-Hearth Manager, and Technical Officer. His next appointment was as Technical 
Director to H. A. Brassert and Company, Limited, a position which he held until 1942. 
During this time he took part in the development and building of several steel plants, 
iliary including the Corby works of Stewarts and Lloyds Limited, and the Ebbw Vale works 
of Richard Thomas and Baldwins Limited. 
iad Dr. Colclough has studied iron-ore and coal mining and iron and steel manufacture 
in the U.S.A. and in most of the countries in Europe; he visited China in 1936 and 
New Zealand in 1939 to report on the establishment of national steel industries i: 
tel these countries. For a time he held the post of Technical Advisor to the Hermanr 
Goering Works in Germany and Austria and the Turkish steelworks at Karabuk. 
During the Second World War he was appointed Technical Advisor to the Iron and 
Steel Control, Ministry of Supply, and is still Consultant to the Ministry. From 
1945 to 1949 he was Technical Advisor to the Control Commission in Germany, and 
in 1947 he was awarded the C.B.E. for his services to the Ministry. He has been 
Technical Advisor and Consultant to the British Iron and Steel Federation since 1945, 
assisting in the preparation of its development programmes, and has recently been 
appointed a member of the Technical Advisory Panel of the new Iron and Steel Board. 
Dr. Colclough was elected a Member of The Iron and Steel Institute in 192I. 
He represented the Institute on the Council of the British Iron and Steel Research 
Association from 1949 to 1952. He was a member of the Iron making Panels of the 
Association from 1945 to 1952, and is now Chairman of the Steelmaking Panel. He 
is the author of several papers on iron and steel, with special reference to the 





physical chemistry of the processes, improvement in coke efficiency, and increased 
production resulting from preparation of the furnace burden. 

At the Annual General Meeting in 1954 Dr. Colclough is to be awarded the 
Bessemer Medal for his distinguished contribution to the development, in theory 
and practice, of the manufacture of iron and steel. 
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T. P. Colclough, C.B.E., D.Sc., M.Met.. F.R.LC. 
Bessemer Medallist, 1954 
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REPORT OF COUNCIL FOR 1953 
LOYAL ADDRESS 


the Queen on the occasion of the Coronation : 


TT": Council sent the following Loyal Address of Congratulation to Her Majesty 


To Her Most Excellent Majesty 
Queen Elizabeth II 


May it Please Your Majesty, 

We present our humble duty to Your Majesty and on behalf of the Members of Council 
and Members of The Iron and Steel Institute tender our loyal and heartfelt congratulations 
on the occasion of Your Majesty’s Coronation. It is our earnest prayer that Your Majesty’s 
reign may be long, prosperous and peaceful. 

Your Majesty’s decision graciously to confer Your Royal Patronage has given great 
pleasure to Members of The Iron and Steel Institute in all parts of the world. They are 
encouraged in their work by this evidence of the interest which Your Majesty takes in the 
well-being of the Iron and Steel Industry and the other industries associated with it and in 
the connected branches of science in which the Members are engaged. 


On behalf of the Members of the Council and Members of the Institute we beg leave 
humbly to express to Your Majesty our loyalty and support in the onerous duties con- 
sequent on Your Majesty’s accession to The Throne. We pray that Almighty God will 
long bestow on Your Majesty and on Your Majesty’s illustrious husband, Prince Philip, 
Duke of Edinburgh, the blessings of health and happiness. 


(Signed) H. Letcuton Davies (Signed) JamMES MITCHELL 
President President-Elect 
(Signed) Wrtt1aM Barr (Signed) KENNETH HEADLAM-MORLEY 
Honorary Treasurer Secretary 


Dated 30th April, 1953 


The following reply was received : 


Home Office, 
Whitehall, London 
llth June, 1953 
Sir, 

I have had the honour to lay before The Queen the Loyal and Dutiful Address of the 
President, Council and Members of The Iron and Steel Institute on the occasion of Her 
Majesty’s Coronation and I have it in Command from The Queen to convey to you Her 
Majesty’s warm thanks for the expression of loyalty and devotion which it contains. 

I am, 
Sir, 
Your Obedient Servant 
Davip MAXWELL FYFE 
The President, 
The Iron and Steel Institute. 
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338 REPORT OF COUNCIL FOR 1953 
Annual Report Se 
= = DWOMOA | He | = 
The Council submit this, their Annual Report and es Mss es $% Ss 
Statement of Accounts for the year 1953, to Members O® sa - 
for their approval at the Eighty-fifth Annual General ,, - 
Meeting of The Iron and Steel Institute. cy oe wyemnon |laola 
The Annual and Autumn General Meetings were held ™ i £§ me ea lee 
in London in April and November, and a successful 32 °° 1 ade ea 
Special Meeting was held in the Netherlands during 7 $ o3 
October. A Meeting was held in April to discuss two 8] ™ a Py ay Gmio es lem le 
papers on Boron in Steel. z s = er Pe ae |S 
The Engineers Group organized a number of interesting 6 = val tases ” 
Meetings which were well attended. 2) 
io ye = ROMO | aw |i 
< as - Ss l¥n ia 
ROLL OF THE INSTITUTE A, be “an la |S 
The total membership at 3lst December, 1953, was A 
4925, compared with 4801 at 3lst December, 1952. 3) i wt Ag eS 6 
During the year, 387 Ordinary and 91 Associate 4 o 2s me my 
Members were newly elected or reinstated. The deaths 7 a ag sca aa si 
of 33 were reported; 211 resigned, 95 were struck off << £3 
the Roll of Members, and 16 elections lapsed for non- ¢ Fé Ps = adtqaawlowle 
payment of the subscriptions due. aK = a = oe i we ie 
An analysis of the membership at 3lst December, ™ = i 6 
1953, is given in Table I, whilst the membership trend na 
since the Institute was founded is shown in Fig. 1. rs Le Ne lime | 
s zs DSSS 
OBITUARY ~ 2 | 
° | 
The Council regret to announce the death of Sir Arthur & & @ Ne imp | me | 
Winder, J.P., formerly General Manager and a Director A E “"S/SS 13 
of English Steel Corporation Ltd. He became a Member % | % a el 
of the Institute in 1930, and joined the Council in 1938. “1 teed ; 
He was elected an Honorary Vice-President in 1944. 4, 3 £ & | 5¢ ot | om _ 
The Council also regret to announce the deaths of 33 <<] — | g | 23 62 sail: hans 7 
Members; of these, the following 20 occurred during 1953: | § | € as 
a g 2 
ASBECK, G. (Diisseldorf) Ist January 5 $ ry $5 = : “8 & Pe & 
BrnsTEaD, 8S. T. (London) 31st March Bie | § | Rs = 
Bonp, A. E. (Birmingham) llth August BI = : 
FEARNEHOUGH, W. (Sheffield) 14th February Z & = SZ $8 itign7 3 
Frost, R. (Port Talbot) 16th October Slefi12] gma] 6 7 
Garson, 8S. T. (Middlesbrough) 4th August wiz} $3 
Hanson, D. (Birmingham) 12th June eTeg 7 lea] é .nolman |e 
Herty, C. H. (Bethlehem, Pa., 17th January a1 s gs | & ‘S/S 1S 
U.S.A.) n 
Hoaee, T. C. (Ayr) 10th January Q : 
Hupson, O. F. (Ruislip, Middx.) 8th October Z . | 38 MR ISRl& 
Jepson, D. (Birmingham) 24th February < $s | 0° volt la 7 
Laycock, C. (Sheffield) 7th January Z, 2s 
Parrett, E. (Waterlooville, 10th August © ss E ae tn laclia 
Hampshire) & = $/SllS 
REeEpD, W. 8. (Ebchester, Co. 14th May a) 
Durham) x ' 
SinctEeTon, W. (London) llth September © 2 $3 os TRS 1S5 1S 
Smirx, E. (Doncaster) 18th August a Pe O° et a “si 
Storey, C. B. C. (Farnham, Surrey) September © =8 
TINGLE, F. L. (Sheffield) 20th August ay 6 E FA =“ ondtorn [odin 
Watrers, F. M. (Los Almos, New ‘18th April = = 3 sa go) dB 
Mexico, U.S.A.) Q = och ‘wae Se 
WInDER, Sir Arthur (Sheffield) 1lth December is 
ee] £ 
CHANGES ON THE COUNCIL = ¢ a 2 oe 
President-Elect 5 3 E Sic : 2 
At the Autumn General Meeting it was announced | oes w & ga = 
that the Council had unanimously decided to nominate a ory Bo Sa /E e x 
the Hon. R. G. Lyttelton to become President at the 3 g Ee >| 22/5 
Annual General Meeting in 1954. & eSeaes a a e 
O..8 & = S&S | 
Other Changes Se S8see § 9 2 
During 1953, Mr. A. H. Ingen Housz was elected an sg* MZR0/R GI 
Honorary Vice-President, and Mr. C. H. T. Williams - * 
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(Park Gate Iron and Steel Co., Ltd.) accepted an invita- 
tion to become a Member of Council. 

The following agreed to serve as Honorary Members 
of Council during their presidencies of the Societies 
named: Professor F. C. Thompson (Institute of Metals, 
following Dr. C. J. Smithells); Mr. A. W. Ellis (Ebbw 
Vale Metallurgical Society, following Mr. W. D. Jenkins); 
Mr. Henry D. Ward (Leeds Metallurgical Society, 
following Dr. N. J. Petch); Mr. H. J. Miller (Liverpool 
Metallurgical Society, following Mr. R. 8. Brown); Mr. 
D. L. Blewett (Swansea and District Metallurgical 
Society, following Mr. H. N. Bowen); Mr. W. B. Wragge 
(Manchester Metallurgical Society, following Mr. H. 
Allison); Mr. H. Hicks (Sheffield Metallurgical Associa- 
tion, following Mr. E. W. Colbeck); Mr. A. W. Shore 
(Staffordshire Iron and Steel Institute, following Mr. W. 
Regan); Mr. A. McKendrick (West of Scotland Iron and 
Steel Institute, following Professor R. Hay). 

In accordance with Bye-Law No. 10, the following 
names of Vice-Presidents and Members of Council due 
to retire at the Annual General Meeting, 1954, were 
announced at the Autumn General Meeting, 1953: 


Vice-Presidents—Mr. N. H. Rollason, Sir Charles 
Bruce-Gardner, Bt., and Mr. C. R. Wheeler, C.B.E. 


Members of Council—Mr. H. Boot, Mr. 8. Thomson, 
Mr. E. T. Judge, Mr. E. J. Pode, and Mr. B. 
Chetwynd Talbot. 

No other Members having been nominated up to one 
month before the Annual General Meeting, the retiring 
Vice-Presidents and Members of Council are presented 
for re-election. 


AWARDS AND PRESENTATIONS 


The Bessemer Medal for 1953 was awarded to Mr. R. 
Mather, Past President (Skinningrove Iron Co., Ltd.) in 
recognition of his distinguished services to The Iron and 
Steel Institute and to the industry. 

The Sir Robert Hadfield Medal for 1953 was awarded 
to Mr. W. E. Bardgett (United Steel Companies, Ltd.) 
in recognition of his contribution to the development 
of alloy steels, with particular reference to steels for 
service at elevated temperatures. 

An Andrew Carnegie Silver Medal for 1952 was awarded 
to Dr. E. T. Turkdogan (B.1.8.R.A.) for his research on 
slag—metal reactions, reported in papers (written in 
collaboration with Dr. W. R. Maddocks, of Sheffield 
University, where the research was carried out) on “ The 
Effect of Sodium Oxide Additions to Steelmaking Slags: 
Parts I and II” (Journal, 1949, vol. 162, July, pp. 249- 
264; 1952, vol. 171, June, pp. 128-136), and ‘‘ Phase 
Equilibrium Investigation of the Na,O-—P,0;—-SiO, Ternary 
System ”’ (Journal, 1952, vol. 172, Sept., pp. 1-15). 

The Ablett Prize for 1952 (value £100) was awarded 
jointly (£50 each) to Dr. 8. A. Burke and Mr. G. 8. 
Sparham (British Coal Utilisation Research Association) 
for their paper on “‘ Application of Automatic Control to 
the Coal Feed of Steelworks Gas Producers’ (Journal, 
1952, vol. 172, Nov., pp. 257-264). 


ANDREW CARNEGIE RESEARCH SCHOLARSHIPS 


The following awards were made from the Andrew 
Carnegie Research Fund during 1953: 


S. V. Rapcuirre (Liverpool University): £50 for 
research on the isothermal transformation of austenite 
in the region of the change from pearlite to bainite 
formation. 

S. W. K. SHaw (Sheffield University): £100 for 
research on carbide formation at 700° C. in low-carbon 
chromium-vanadium steels. 
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J. Wixcoox (Liverpool University): £100 for research 
on the influence of sulphur and manganese on the 
graphitization of the iron—carbon-silicon system. 


MOND NICKEL FELLOWSHIPS 


Mr. F. H. Saniter continued to represent the Institute 
on the Mond Nickel Fellowships Committee. 
The Committee made the following awards for 1953: 

J. E. Benson (Metropolitan-Vickers Electrical Co., 
Ltd.): To study, in the United Kingdom, on the 
Continent, and in the U.S.A. and Canada, the tech- 
nique and interpretation of results of non-destructive 
testing of metal components. 

K. BiackBuRN (Dorman, Long and Co., Ltd.): To 
study, in Great Britain, on the Continent, and in the 
U.S.A. and Canada, hot-metal basic open-hearth prac- 
tice with particular reference to mixer furnace opera- 
tion, refractories, instrumentation, and pitside practice. 

N. B. Pratrr (Broken Hill Proprietary Co., Ltd.): 
To study, in Great Britain, on the Continent, and in 
the U.S.A. and Canada, the technical and economic 
aspects of recent advances in the erection and operation 
of integrated iron and steelworks. 


MEETINGS 
Annual General Meeting 


The 84th Annual General Meeting was held at the 
Offices of the Institute on Thursday, 30th April, and 
Friday, Ist May, 1953. Captain H. Leighton Davies, 
C.B.E., inducted Mr. James Mitchell, C.B.E., into the 
Chair. The new President then delivered his presidential 
address on ‘‘ From the Ore to the Ingot”’ (Journal, 1958, 
vol. 174, May, pp. 1-8). A number of visitors from 
overseas were present. A Members’ Dinner was held at 
Grosvenor House, Park Lane, on Thursday, 30th April, 
at which Lt. Gen. Sir Ian Jacob, K.B.E., C.B., Director 
General of the British Broadcasting Corporation, was 
the principal guest. The proceedings of the Meeting are 
recorded on pp. 219-222 of the Journal for July, 1953 
(vol. 174). 


Special Meeting on Boron in Steel 


A Meeting on boron in steel was held on Wednesday, 
29th April, 1953, at which the following three papers 
were presented and discussed: “‘ The Manufacture and 
Use of Boron Steels in the U.S.A.,” by Mr. L. J. Rohl, 
of the United States Steel Corporation (February, 1954); 
“American Applications of Boron and other Low-Alloy 
Steels,” by Mr. H. B. Knowlton, of the International 
Harvester Company (February, 1954); “ Effect of Boron 
on the Mechanical Properties of Low-Alloy Steels,” by 
Mr. R. Wilcock, of Samuel Fox and Co., Ltd. (April, 
1953). Mr. William Barr, the Hon. Treasurer of the 
Institute, was in the Chair. The proceedings of the 
Meeting are recorded on pp. 173-216 of the Journal for 
February, 1954 (vol. 176). 


Autumn Meeting 


The Autumn General Meeting was held at the Offices 
of the Institute on 24th and 25th November, 1953. The 
President-Elect, the Hon. R. G. Lyttelton, was in the 
Chair at the opening of the Meeting, and Mr. James 
Mitchell, C.B.E., the President, was in the Chair for the 
remainder of the Meeting. The proceedings of the 
Meeting are recorded on pp. 249-251 of the Journal for 
March, 1954 (vol. 176). 


Symposium on Sinter 


A Symposium on Sinter was held at the Offices of the 
Institute on 25th and 26th November, 1953. Mr. James 
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Mitchell, C.B.E., the President, was in the Chair. The 
papers and discussion at the Symposium will be pub- 
lished in the Special Report Series of the Institute. 


Special Meeting in The Netherlands 


A Special Meeting was held in the Netherlands from 
Ist to 6th October, 1953. A Reception Committee was 
formed to make the necessary arrangements in the 
Netherlands. Mr. A. H. Ingen Housz, President van de 
Directie der Koninklijke Nederlandsche Hoogovens en 


Staalfabrieken N.V., consented to act as Chairman of 


the Reception Committee. A Ladies’ Committee was 
also formed of which Mrs. Ingen Housz kindly agreed 
to be Chairman. Travel and Hotel arrangements were 
made on behalf of the Institute by Thos. Cook and Son, 
Ltd., in association with Wagons-Lits/Cook, Amsterdam. 

The President and Council of The Iron and Steel 
Institute wish to express their thanks to the Chairman 
and Members of the Reception and Ladies’ Committees, 
to the Lord Mayor of Amsterdam, and to the Neder- 
landsche Yzer and Staalindustrie; to the Chairman and 
Directors of the Works and Laboratories in Amsterdam, 
Delft, Rotterdam, and Utrecht, who were kind enough 
to invite Members and Ladies to visit them; to the N.V. 
Nederlandsche Spoorwegen; and to all others who so 
helpfully collaborated in organizing the Meeting. 

A short account of the Meeting was published on pp. 
1-2 of the Journal for January, 1954 (vol. 176). 


IRON AND STEEL ENGINEERS GROUP 
The Engineering Committee, which organizes the 
activities of the Iron and Steel Engineers Group, was 
composed of the following Members (from May, 1953): 
Chairman 
Mr. C. H. T. WILLIAMS 


Members 
Mr. J. BAKER Mr. P. A. LEE 
Mr. T. Coxon Mr. E. PINCHES 
Mr. W. W. FRANKLIN Mr. I. 8S. Scorr-MaxwELu 
Mr. N. R. D. GuRNEY Mr. A. TAYLOR 
Mr. T. A. HoGartH Dr. W. S. WALKER 
Mr. W. A. JOHNSON Mr. R. L. WILLottT 
Mr. J. A. Kinpy Mr. C. H. WILLIAMS 


Ex-Officio 
Mr. JAMES MITCHELL, C.B.E. 
Mr. W. Barr 
Dr. H.R. Mints 


Three full-day meetings, with buffet luncheons, were 
held during the year at the offices of the Institute; one 
full-day meeting of the Group was held jointly with the 
Plant Engineering and Steelmaking Divisions of the 
British Iron and Steel Research Association, at the 
Institution of Mechanical Engineers, Storey’s Gate, 
London, 8.W.1. Reports of the discussions at the 21st 
and 22nd meetings are published in the Journal for July, 
August, and September, 1953. The reports of the dis- 
cussion at the 23rd and 24th meetings will be published 
in future issues. 

A meeting of Junior Engineers was held at Ashorne 
Hill, Leamington Spa, from llth to 15th May, 1953. 
Two papers were presented and discussed: ‘‘ Oil Injection 
Shrink Fitting,’ by J. A. Abrahams (English Steel 
Corporation, Ltd.) (February, 1953), and ‘‘ Steelworks 
Waste-Heat Boilers,’ by R. McDonald (Colvilles, Ltd.) 
(January, 1954). Visits were made to the Round Oak 
Steelworks Ltd. and to the British Thomson-Houston 
Co., Ltd., Rugby. The meeting ended with a lecture 
by Dr. T. P. Colclough, C.B.E., on the First and Second 
Five-Year Plans for the British iron and steel industry. 
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A report of the discussion is being circulated to all those 
who attended the meeting. 


PUBLICATIONS 


The Journal was, as usual, published in twelve Monthly 
parts, comprising volumes 173 to 175. Indexes and 
binding cases are being prepared. 

Special Reports—A further volume of Papers of the 
Affiliated Local Societies was published during the year 
as Special Report No. 48. 

Bibliographies—No Bibliographies were published in 
1953. 

Translation Service—Translations of twenty-one foreign 
technical papers (Nos. 458-478) were issued during 1953. 
The charge was £1 each (10s. for each additional copy 
of the same translation). The Council again wishes to 
thank those organizations and individuals who have 
kindly made translations available for inclusion in the 
Series. Translations were also made for various Members 
at their own expense. 


JOINT LIBRARY AND INFORMATION 
DEPARTMENT 

Continued use was made of the services rendered by 
the Library and Information Department, among the 
users being Members, Government Departments, Uni- 
versities, and Research Laboratories. During 1953. 
13,640 publications were borrowed; the corresponding 
figure for 1952 was 13,448. The number of new textbooks 
acquired was 310 (475 in 1952); the Council offers thanks, 
on behalf of the Members, to those who presented copies 
of their works to the Library. 

Under certain conditions, photographic copies of docu- 
ments may be obtained for Members, both at home and 
abroad. During 1953, 119 photocopies and 61 microfilms 
were supplied to Members; in the previous year the 
figures were 130 and 27, respectively. 

The Information Department is prepared to answer 
enquiries about the scientific and technical literature, but 
it is not its function to give the type of advice which 
falls within the field of the metallurgical consultant. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 

The Institute has continued to collaborate closely with 
the British Iron and Steel Research Association. The 
Library, Information, and Abstracting Services are 
available to the Association without charge. The Journal 
continued to be the principal medium for the publication 
of the research results and reports of the Association. 
Reports of the activities of the Association appear in the 
News Section of the Journal. 

The Council again wish to express their pleasure at 
the close collaboration existing between the two organiza- 
tions. 

RELATIONS WITH OTHER SOCIETIES 

Co-operation and friendly relations between the 
Institute, the Institute of Metals, and the Institution of 
Metallurgists were maintained during the year. Excel- 
lent relationships also continued with scientific and 
technical Societies at home and abroad. 


Affiliated Local Societies 
There are now eleven Affiliated Local Societies, as 
follows: 
Cleveland Institution of Engineers 
Ebbw Vale Metallurgical Society 
Leeds Metallurgical Society 
Lincolnshire Iron and Steel Institute 
Liverpool Metallurgical Society 
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Manchester Metallurgical Society 

Newport and District Metallurgical Society 
North Wales Metallurgical Society 

Sheffield Society of Engineers and Metallurgists 
Staffordshire Iron and Steel Institute 

Swansea and District Metallurgical Society 


The Institute pays to each Local Society a capitation 
grant of 5s. per annum for each joint member. The 
Council has decided that as from Ist January, 1954, 
Members of the Institute who are also Members of an 
Affiliated Local Society shall pay the reduced subscrip- 
tion of £3 13s. 6d. to the Institute. Associate Members 
of the Institute who are also Members of an Affiliated 
Local Society continue to pay the reduced annual sub- 
scription of £1 1ls. Od. as previously. 


Joint Meetings 


Joint Meetings were held during the year between the 
Institute (including the Engineers Group) and the 
following Affiliated Local Societies: the Ebbw Vale Metal- 
lurgical Society, the Liverpool Metallurgical Society, the 
Manchester Metallurgical Society, and the Newport and 
District Metallurgical Society. Joint Meetings were also 
held with the Sheffield Metallurgical Association, the 
West of Scotland Iron and Steel Institute, the Institution 
of Structural Engineers, and the Institution of Produc- 
tion Engineers. 

A Joint Meeting was also held with the British Section 
of the Société des Ingénieurs Civils de France. 


Metallurgical Societies Overseas 


The number of “ Kindred ”’ Societies overseas is now 
eighteen, as follows: 


American Institute of Mining and Metallurgical 
Engineers (Associate Member age limit, 33) 

American Iron and Steel Institute 

American Society for Metals 

Association des Ingénieurs sortis de l’Ecole de 
Liége, Belgium 

Associazione Italiana di Metallurgia (Italy) 

Association Luxembourgeoise des Ingénieurs et 
Industriels (Luxembourg) 

Australian Institute of Metals 

Canadian Institute of Mining and Metallurgy 

Indian Institute of Metals 

Instituto del Hierro y del Acero (Spain) 

Jernkontoret (Sweden) 

Koninklijk Instituut van Ingenieurs (Holland) 

Norsk Metallurgisk Selskap (Norway) 

Société Frangaise de Métallurgie (France) 

Société Royale Belge des Ingénieurs et des Indus- 
triels (Belgium) 

Verein deutscher Eisenhiittenleute (Germany) 

Verein Eisenhiitte Oesterreich (Austria) 

Verein Schweizerischer Maschinen-Industrieller 
(Switzerland). 


Members of the Institute who are Members of, or are 
on the staffs of members’ firms of, any of the above 
Societies, if resident in the countries concerned, pay the 
following reduced subscriptions to The Iron and Steel 
Institute: Ordinary Members, £3 13s. 6d.; Associate 
Members, £1 lls. Od. 


Representation at Meetings 


The President and the Secretary represented the 
Institute at a Meeting of the Centre National de 
Recherches Metallurgiques which was held at Liége 
from 7th to 9th May, 1953. The Secretary represented 
the Institute at the Meeting of the Société Frangaise de 
Metallurgie in Paris on 20th October, 1953, and at the 
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Annual Meeting of the Verein deutsche Eisenhiittenleute 
in Diisseldorf from 4th to 6th November, 1953. 


BRITISH WELDING JOURNAL 


Arrangements have been made with the Institute of 
Welding and the British Welding Research Association 
for the Institute to produce a new journal entitled 
“* British Welding Journal,” commencing on Ist January, 
1954. The new Journal incorporates the ‘“‘ T'ransactions 
of the Institute of Welding,” and ‘‘ Welding Research” of 
the British Welding Research Association. 


HOUSE FUND 


A lease has been signed with the Executors of the late 
Duke of Westminster for a 60-year’s tenure of the offices 
at 4 Grosvenor Gardens, Westminster, S.W.1, as from 
25th September, 1955, when the present lease expires. 
The terms include payment of the sum of £41,620 and 
a rent of £400 per annum. 

Forty-five Companies connected with the steel industry 
have generously contributed a total of £53,700. The 
Council has decided that the balance (after payment of 
the capital sum and connected expenses)—a sum exceed- 
ing £10,000—shall be earmarked for a House Fund and 
suitably invested. It is the Council’s intention that this 
Fund shall be increased each year by revenue from the 
investments and by allocation of a suitable sum from 
the Institute’s other resources, so that the whole amount 
contributed by the Companies may be replaced in a 
period of not more than 30 years. 

The Council wish to express their sincere thanks to 
the Companies concerned. With their help, it has been 
possible to obtain security of tenure of the present offices 
for a long period without cost to Members. The names 
of the subscribing Companies are given at the end of 
this Report. 


STAFF PENSIONS 


As arrangements under the Metallurgical Societies 
Joint Pension Scheme for providing pensions for the 
staff are in some cases proving to be inadequate, the 
Council is considering means of supplementing certain 
pensions: a report will be submitted in due course. 


INSTITUTION OF METALLURGISTS 


Owing to expansion of their activities, the Institution 
of Metallurgists decided that the accommodation which 
it was possible to make available to them, in co-operation 
with the Institute of Metals, at 4 Grosvenor Gardens 
was no longer sufficient for their requirements. The 
Offices of the Institution were therefore moved in 
November, 1953, to 28 Victoria Street, London, S.W.1. 


BESSEMER GOLD MEDAL 


The Council decided that, as from 1954, the practice 
should be resumed of striking the Bessemer Medal in 
gold. The practice had been discontinued during the 
war. Accordingly it was decided to allocate a sum of 
£500 from the general funds of the Institute to the 
Bessemer Medal Fund to enable the revenue from the 
latter to be sufficient to provide for the Medal being 
struck in gold in the future. 


COMPREHENSIVE INDEX 


A comprehensive index of the Journal from 1932 to 
1950 is under preparation by Mr. R. Elsdon, lately 
Librarian of the Institute. The first volume to be pre- 
pared, covering the years 1946-1950 inclusive, should be 
available early in 1954. The remaining volumes should 
be available approximately eighteen months later. 
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PRESENTATIONS TO THE INSTITUTE 


Through the courtesy of Mr. E. A. Woodward, 
Librarian at Messrs. Hadfields Ltd., Sheffield, two volumes 
and twelve pamphlets, from the collection of the late 
Sir Robert Hadfield, published by the Russian Academy 
of Sciences on the occasion of the Mendeleev Jubilee 
Celebrations in Leningrad in 1924, have been presented 
to the Library. The volumes comprise collected papers 
by Mendeleev on the Periodic Law and on investigations 
of aqueous solutions by specific gravity determinations, 
and the pamphlets consist of reviews of his work in 
various fields. 

Volumes of Teknisk Tidskrift for the years 1893/4, 
1895, 1906-1913, and 1915-1919 have been presented 
from the library of Imperial Chemical Industries Ltd., 
through the kindness of the Librarian, Miss Newton. 
These volumes help to fill a gap in the Joint Library’s 
file of this publication. 

The British Iron and Steel Federation, through the 
agency of Mr. Max Davies of the British Iron and Steel 
Research Association, presented the Joint Library with 
a copy of a book entitled ‘‘ Metal Work,” edited by Yapp 
and published about the middle of the 19th century. It 
consists of a collection of reproductions of ornamental 
metalwork and metalware of beautiful workmanship. 

Dr. N. H. Polakowski has kindly presented five recent 
Russian textbooks: ‘‘The Metallurgy of the Light 
Metals,” by A. L. Bolyaev (3rd edition, 1949); ‘‘ Modern 
Blast-Furnace Practice for the Specialist,” by N. I. 
Krasavtsev and M. Ya. Ostroukhev (1949); ‘‘ Electric 
Melting Furnaces in Ferrous Metallurgy,” by N. V. 
Okorokev (3rd, revised edition, 1950); ‘‘ The Preparation 
of Ores for Smelting,” by V. A. Kulibin (1952); and 
“The Fundamentals of the Mechanisation of Loading 
and Unloading Operations in Ferrous Metallurgy,” by 
K. A. Egorov (2nd, revised and enlarged edition, 1952). 

The Council offer their thanks to these donors for their 
very useful presentations. 


EDUCATION 


Joint Committee on Metallurgical Education 


Approximately 1800 copies of the Report on “ The 
Education and Training of Metallurgists”’ have been 
circulated since its publication in September, 1952. There 
has been a continued demand also for copies and for 
copies of the Committee’s previous publications: 


(i) ‘“‘ Metallurgy—A Scientific Career in Industry ” 
(2nd (revised) edition, 1948) 


(ii) Recommendations on Qualifications for En- 
trance to University Schools of Metallurgy 
(1948) 

(iii) ‘‘ Films about Metals ”’ (1949) (Compiled jointly 
with the Scientific Film Association) 


(iv) Recommendations on University Full-time De- 
gree Courses in Metallurgy (1950). 


Arising from the recommendations made in para- 
graph 40 of the Report on ‘‘ The Education and Training 
of Metallurgists,” the Institution of Metallurgists and 
the Institution of Mining and Metallurgy were invited 
and agreed jointly to make the necessary arrangements 
to set up a Board of Metallurgical Studies and Examina- 
tions. (After a preliminary meeting of representatives 
of the bodies concerned, a fully representative Committee 
was formed early this year.) Members of the Joint Com- 
mittee on Metallurgical Education also agreed to give 
consideration to the question of further implementation 
of the Report. 
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Joint Committee for National Certificates in Metallurgy 


The Joint Committee has approved four new Schemes 
in England and Wales during 1953, three for Senior 
Courses and one for an Advanced Course, and other 
Schemes have received preliminary approval of their 
content. 

The total numbers of approved courses in operation 
during the session 1952-53 were: 

Senior Courses—Ordinary National Certificate 33 
Contributory Centres, with courses for the first 
year or first and second years of the Senior 
Course 6 
Advanced Courses—Higher National Certificate 20 
A list of the Technical Colleges is published with the 
Joint Committee’s annual Report. 

Final examinations of the course for the Ordinary 
National Certificate have been held during 1953 at 
31 Technical Colleges and for the Higher National 
Certificate at 17 Technical Colleges, for candidates who 
have satisfied the conditions laid down in Ministry of 
Education Rules III, under which the Scheme is operated. 
In addition, 11 Colleges have held assessed examinations 
in mathematics during the year, as part of their courses 
for the Ordinary National Certificate. 

184 candidates have qualified for the award of an 
Ordinary National Certificate in Metallurgy and 116 
candidates have qualified for the award of a Higher 
National Certificate, as a result of final examinations 
held in 1953. 

The records of a further 9 candidates for the Ordi- 
nary Certificate and 1 candidate for the Higher Certificate 
have been approved by the Joint Committee, subject to 
the fulfilment of certain conditions. 

2 candidates for the Ordinary and 1 candidate for 
the Higher Certificate, who entered the final examina- 
tions in previous years and whose records were approved 
by the Joint Committee subject to certain provisions, 
have qualified for the award of Certificates in 1953. 

Distinctions have been gained by 17 candidates 
for the Ordinary and 17 for the Higher Certificate who 
have shown a very good grasp of their subjects, indicating 
a high degree of training and knowledge in the particular 
subject in which the Distinction has been gained. 

Prizes have been awarded to 26 successful candi- 
dates for the Ordinary and 24 for the Higher Certificate 
who have shown particular merit in the final examina- 
tions, from the Prize Fund established by The Iron and 
Steel Institute, the Institution of Mining and Metallurgy, 
and the Institute of Metals for this purpose. 


Sheffield University—Institute Prize 
The Iron and Steel Institute Prize (£10 10s. Od.) at 
Sheffield University was, in 1953, awarded jointly to and 
divided between Mr. B. B. Argent and Mr. W. A. Oates 
who had received the degree of B. Met., with Ist Class 
Honours. 


HONOURS CONFERRED ON MEMBERS 


The Council wish to offer their congratulations to 
Members who have received honours or appointments 
during the year. Their names have been recorded in 
the News of Members columns of the Journal. 


FINANCE 


(The Accounts for 1953 are appended) 
(Figures for the previous year are printed in brackets 
for comparison.) 
GENERAL FUND 


Income and Expenditure Account 
Income for the year ended 3lst December, 1953, 
exceeded expenditure by £3,399 (£2,429). 
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The increase in Subscriptions (£17,574 instead of 
£16,537) reflected the increase in Membership. The 
increase in revenue on account of the Journal (£43,782 
instead of £40,860) is due to an increase in revenue from 
Advertisements. Income from Sales and Payments by 
the British Iron and Steel Research Association on 
account of other publications has fallen from £2,690 to 
£1,742 because fewer Special Reports were published 
during the year. Further information is given in the 
Publications Account, in which provision of £1,528 has 
also been made for part of the cost of preparing the 
Comprehensive Index from 1932 but from which expendi- 
ture on salaries and overheads is excluded. Total income 
was £72,487 (£69,540). 

Normal expenditure was £68,946 (£66,213), the increase 
being mostly due to increases in Salaries and Staff 
Expenses (£24,469 instead of £22,989) and cost of 
Travelling and Entertainment (£4,148 instead of £3,462). 
Total expenditure after including non-recurring items 
was £69,088 (£67,111). 


Balance Sheet at 31st December, 1954 


The House Fund, to which reference has been made 
above, is shown separately. Contributions from Com- 
panies amounted to £53,700. The purchase of the lease 
of No. 4 Grosvenor Gardens and connected expenses 
cost £43,518. There has been set against this a Transfer 
from the Institute’s Accumulated Fund of £1,000 and 
Interest on Bank Deposit £108, leaving the value of the 
Lease at £42,410. £10,000 of 4% Funding Stock, 1960-90, 
had been bought before the end of the year at a cost of 
£10,131, but the transfer had not been completed; 
accordingly, the amount standing on Deposit Account 
at the Bank is shown at £10,018. The net balance of 
£1,159, and further sums from time to time accruing to 
the House Fund, will be invested. 

The Entrance Fees Reserve is no longer shown 
separately, but the amount hitherto standing in this 
Reserve, £5,979, has been transferred to the Accumulated 
Fund. The excess of income over expenditure for the 
year, £3,399, has also been added. 

Transfers totalling £2,750 have been made, 7.e., £250 
to the Reserve for the Comprehensive Index, £500 to 
the Bessemer Medal Fund (to enable Gold Medals to 
be supplied in future), £1,000 to the House Fund, and 
£1,000 to a Reserve for Supplementing Staff Pensions. 
The Accumulated Fund, therefore, now stands at £36,100 
(£29,472). 

The total of the Accumulated Fund, Life Composition 
Fund, and Sundry Provisions (but not including the 
House Fund) amounts to £45,693 (£43,360).* 


Trust Funds 


Income of the Trust Funds, as in recent years, again 
exceeded expenditure, so that the amounts standing in 
the Accumulated Funds were in all cases larger at the 
end than at the beginning of the year, as follows: Andrew 
Carnegie Trust Fund, £8,067 (£7,137); Williams Prize 
Fund, £905 (£777); Bessemer Medal Fund, £61 (£50); 
Sir Robert Hadfield Fund, £25 (£20). 

The capital of the Bessemer Medal Fund has been 
increased by £500 transferred from the General Fund 
of the Institute by invitation of the Council. This sum 
will be invested. 
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Investments 


The market value of the investments of the Genera] 
Fund and of the Trust Funds increased during the year, 
and at 3lst December, 1953, was in each case in excess 
of the cost at which they are taken into the Balance 
Sheets. The total figures for investments of the General 
and Trust Funds at 3lst December, 1953, were as fol. 
lows: Nominal value, £86,992 (£86,992); Cost, as included 
in the Balance Sheet, £76,066 (£76,066); Market value, 
£79,503 (£74,851). 

The House Fund is not included in the above figures, 


HOUSE FUND 
List of Contributing Companies 


Edgar Allen and Co., Ltd. 

Bairds and Scottish Steel Ltd. 

Barrow Ironworks Ltd. 

William Beardmore and Co., Ltd. 

British Rollmakers Corporation Ltd. 

Briton Ferry Steel Co., Ltd. 

Brown Bayley Steels Ltd. 

Brymbo Steel Works Ltd. 

Bynea Steel Works Ltd. 

Colvilles Ltd. 

Consett Iron Co., Ltd. 

Darwins Ltd. 

Davy and United Engineering Co., Ltd. 

Dorman Long and Co., Ltd. 

English Steel Corporation, Ltd. 

Thos. Firth and John Brown Ltd. 

Guest Keen Baldwins Iron and Steel Co., Ltd. 

Guest Keen and Nettlefolds Ltd. 

Hadfields Ltd. 

N. Hingley and Sons Ltd. 

Wm. Jessop and Sons Ltd. 

Kayser Eilison and Co., Ltd. 

Kettering Iron and Coal Co., Ltd. 

Lamberton and Co., Ltd. 

Lancashire Steel Corporation, Ltd. 

Llanelly Steel Co. (1907), Ltd. 

John Lysaght’s Scunthorpe Works Ltd. 

Samuel Osborn and Co., Ltd. 

Park Gate Iron and Steel Co., Ltd. 

Partridge Jones and John Paton Ltd. 

Patent Shaft and Axletree Co., Ltd. 

Round Oak Steel Works Ltd. 

Sanderson Bros. and Newbould Ltd. 

Shelton Iron, Steel and Coal Co., Ltd. 

Skinningrove Iron Co., Ltd. 

Walter Somers Ltd. 

South Durham Steel and Iron Co., Ltd. 

The Steel Company of Wales Ltd. 

Stewarts and Lloyds Ltd. 

John Summers and Sons Ltd. 

Richard Thomas and Baldwins Ltd. 

Tube Investments Ltd. 

United Steel Companies, Ltd. 

Upper Forest and Worcester Steel and Tin Plate Works 
Ltd. 

Whitehead Iron and Steel Co., Ltd. 





* Given in error as £43,560 in the Report of Council 
for 1952 (Journal, 1953, vol. 173, Apr., p. 336). 

+ This figure includes £474 15s. Od. British Transport 
3°% Guaranteed Stock 1978/88 at the figure of £400 at 
which it is included in the Balance Sheet of the Bessemer 
Medal Fund. 
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SCHEDULE OF INVESTMENTS AT 3lst DECEMBER, 1953 
SHOWING NOMINAL VALUES, COST, AND PRESENT MARKET VALUES 


Market Value, 
Nominal 31st December, 
Value Nature of Security 1953 Cost 


GENERAL FUNDS OF THE INSTITUTE 



































£ 8. d. £ £ 
2,197 7 0 34% War Stock... + o 3 me = * 7: ie - a a a 1,862 2,161 
1,324 7 4 34% Conversion Loan +4 a er re - ee a as ee s es 1,139 1,254 
2,954 1 O 4% Consolidated Stock .. is oy = ae ie s + oa aa a 2,762 3,176 
12,242 19 3 4% Funding Loan, 1960/90 7. a iia 3 i ne ay Bs e - 12,427 9,512 
; 0 0 3% Defence Bonds (P.O. ore r) es - ja im a es me oa ae Ax 1,000 1,000 
2,000 0 O 3% Savings Bonds, 1955/6: Be a . ve 6 5 ote oy sa ue 1,950 2,000 
5,000 0 0 3% Do. 1955 63 ) ‘se - i sa a s oe - a 6 6 4,875 4,972 
2,000 0 O 3% Do. 1960/70 ne ae 7 oe on 5% < : oe ae Bs 1,830 2,000 
1,500 0 O 38% Do. 1965/75 a i a a a = a “ 1,343 1,500 
4,854 2 0 British Transport 3°, Guarante ed Stoc k, 1978/88 A ‘a ‘<< hs a cs % ~ 4,102 5,407 
£33,290 £32,982 

LIFE COMPOSITION FUND i 
587 13 10 33$% Conversion Loan Pp y a 7 * Ts oi i — “ _ 505 513 
205 15 6 34% War Stock . ‘a ae bu ap is is - “6 ‘6 o ¥ 174 212 
681 13 0 4% Funding Loan, 1960/90. Sa £5 i. ae 58 = Rs ~ oe = a 692 600 
196 10 1 % Do. 1960/90 , es * is - es a cn z% 199 231 
2,615 11 2 British Transport 3°, Guaranteed Stock, 197 8; 88 eS = re ae Ae — Ae ooh 2,210 1,893 
1,500 0 6 3% Defence Bonds (P. O. Register) ; vs - - oe ie Be bie . 1,500 1,490 
£5 ) 280 £4,939 
ANDREW CARNEGIE RESEARCH FUND 
(Trustees: Sir William Larke, K.B.E., The Hon. R. G. Lyttelton, and N. H. Rollason) 
6,897 14 11 sh% War Stock... * i ss af = e a a y 5 ie i 5,846 6,896 
800 0 0 % Do. = ie < ie ss * es es a 3 es ca oe 678 794 
2,693 12 0O 343° Conversion Loan : s ss ae 6 — o ae ee y: a a8 2,316 2,007 
3,922 14 10 3% Serial Funding Stock, 1955. is ; ‘ oe “5 or aa eo 3,972 3,998 
1,793 15 O British Electricity 3% Guaranteed Stock, 1968/73 ne - = > mA 5 - $4 1,605 1,762 
2,166 18 7 4% Funding Stock, 1960/90 - 3 ‘3 ae i ; ie 3 ie a 2,199 2,643 
500 0 0 24% Defence Bonds (P.O. Register) a Be re re ie oe ee “- ss 500 500 
1,250 0 0 3%," Do. ~ i - 4 ue his is $5 Be on 1,250 1,250 
750 0 0 8% Do. ia a ba 5% od as His 54 750 745 
17,812 10 3 British Transport 3% Guaranteed Stock, 1978/88 vs ye e oe oe a a ae 15,052 10,863 
1,000 0 0 3 Savings Bonds, 1955/65 ; st ca mS ee re Se xt ss 975 1,000 
2,250 0 0 a 1960/70 eg ia Ae cs; me cts a P ies a — 2,059 2,250 
£37,202 £34,708 
WILLIAMS PRIZE FUND 
(Trustees: Sir William Larke, K.B.E., The Hon. R. G. Lyttelton, and N. H. Rollason) 
3,452 15 7 34% Conversion Loan Be ae ay a ihe se ats os ea ns 2,969 2,670 
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— —= 
SIR ROBERT HADFIELD MEDAL FUND 
267 11 2 3% Savings Bonds, 1955/65 - “A ia te - aa sa ia cs rv me £261 £2658 
ee meee 
BESSEMER MEDAL FUND 
(Trustees: Desmond Lysaght, The Hon. R. G. Lyttelton, and N. H. Rollason) 
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Structural Changes During Annealing of 
White Cast Irons of High S:Mn Ratios 


INCLUDING THE FORMATION OF SPERULITIC AND 


NON-SPHERULITIC GRAPHITE 


AND CHANGES IN SULPHIDE INCLUSIONS 


By Axel Hultgren 
and Gustaf Ostberg 


SYNOPSIS 


The mechanism of formation of dispersed graphite flake nests, compact graphite nests, and graphite spherulites 
during annealing at 900-1150° C. of white cast irons of different, mainly high, S : Mn ratios was studied by examining 


the microstructures of quenched specimens. 


Any one of the three types of graphite aggregate mentioned could be produced at will by a suitable combination 
of S : Mn ratio of the iron, hydrogen content of the annealing atmosphere, and annealing temperature. 
Several interface combinations, not only those involving sulphide, appeared to favour nucleation of graphite, 


with basal-plane-interface coincidence, and growth with such coincidence maintained locally. 


In this way, an 


iron or manganese sulphide inclusion could serve as a nucleating particle for a graphite spherulite provided that the 
radial texture established by oriented nucleation and growth was preserved during further radial growth. 

The evidence indicates that for this purpose an agency is probably required which would sufficiently retard the 
a-axes growth in relation to the c-axis growth of the graphite. Sulphur and/or hydrogen appear to exert such an 


effect when present in sufficient amount. 


Changes in constitution and shape of sulphide inclusions during annealing have been studied, and also the 


changes in shape during growth of adjoining graphite. 


high temperature. 


carbon nodules of whiteheart malleable cast iron 

are more compact and rounded than those of black- 
heart malleable, a fact attributed to the S : Mn ratio 
of the former being higher than that of the latter. 
Morrogh?: * and others* > have described graphite 
spherulites formed in whiteheart malleable cast iron 
and often found to contain a core particle of sulphide. 

It was thought that an examination of the structural 
changes taking place in cast irons of high S : Mn 
ratios during annealing under controlled conditions 

Manuscript received 10th December, 1953. 

Professor Hultgren is Emeritus Professor of Metallo- 
graphy at the Royal Institute of Technology, Stockholm. 
Mr. Ostberg is Research Metallurgist at the Foundry 
Division of the Swedish Federation of Mechanical 
Engineering Industries, Stockholm. 


[’ has long been known that the so-called temper 
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Under certain conditions of composition and heat-treatment, 
manganese sulphide undergoes a diffusionless transformation into an anisotropic form during quenching from a 


884 


would throw some light on the mechanism of nuclea- 
tion and growth of graphite in its various forms 
during annealing. 


EXPERIMENTAL PROCEDURE 

The compositions of the irons used in this investiga- 
tion are given in Table I. Iron No. 0 was an ordinary 
iron for blackheart malleablizing; the specimens were 
15 mm. in diameter. Irons Nos. 1, 2, and 3 were 
prepared by Husqvarna Vapenfabriks AB, Hus- 
qvarna; 50-kg. melts were made in a H.F. furnace 
(acid lining) and cast into 10- and 20-mm. dia. rods 
in green-sand moulds. Iron No. 7 was prepared by 
AB Overums Bruk, Overum; a 50-kg. melt was made 
in an oil-fired Morgan crucible furnace and cast into 
12-mm. dia. rods in green-sand moulds. 
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Table I 
COMPOSITIONS OF WHITE IRONS OF DIFFERENT S:Mn RATIOS 

Iron No. Cc, % si, % Mn, % P, % 8s, % S:Mn Source 

0 2-77 1-09 0-36 0-06 0-069 0.19 Norrahammar 

1 2-67 1-07 0-17 0.08 0-17 1-0 Husqvarna 

2 2-65 1-05 0.17 0-08 0-26 1-5 r. 

3 2-62 1-61 0.29 0.04 0.37 1-3 — 

7 2-57 0-96 0-06 0-07 0-175 2-9 Overum 

Methods rubber tube. After the annealing was finished, 


Dises, generally 3 mm. thick, were cut with a 
cutting-off wheel from the white-iron rods, with the 
skin removed by grinding. The discs were annealed 
for various periods at different temperatures, either 
packed in a carburizing compound consisting of a 
mixture of crushed charcoal and barium carbonate, 
2:1 by weight, or, more generally, in a stream of 
a purified gas or gas mixture. In the former case a 
small carburizing box with luted lid was placed in 
an electric box furnace and, after annealing, was 
either cooled in air or opened, the specimens being 
quenched in brine. In the latter case, the disc or 
discs were placed in a horizontal alumina-tube Silit- 
rod furnace J, and after annealing were rapidly 
removed and quenched in brine. The gas-annealing 
apparatus is shown in Fig. 1 as adapted for mixtures 
of nitrogen and hydrogen or for pure hydrogen; Fig. 2 
shows the purification train for unmixed nitrogen, 
helium, carbon monoxide, or carbon dioxide. 

The nitrogen—hydrogen mixtures were prepared as 
follows. The required quantities of nitrogen and 
hydrogen were collected in flask C (Fig. 1) over 
saturated brine, degassed by boiling. The displaced 
liquid rose into the vessel NV, where its surface was 
covered with a thin layer of oil. The gases in C were 
mixed by shaking with the brine remaining in the 
flask. The gas flow during the experiment was con- 
trolled by valve P, generally to 2 1./hr. Before and 
after each annealing experiment the hydrogen content 
of the gas mixture was checked by analysis. The 
platinized asbestos furnace EH was kept at about 
600° C. The exit vessel M prevented back-diffusion 
of air, and the silica-gel vessel K prevented back- 
diffusion of water vapour. 

In this way, decarburization of the specimen was 
practically prevented, as judged by microscopic 
examination of a section. As will be seen, however, 
a slight oxidation of silicon probably occurred near 
the surface. 

The temperature in the furnace 
was uniform to within ++ 5°C. 
over a 6-cm. length at the middle, 


where the hot junction of a Pt/ 4 
Pt—Rh thermocouple A was placed Nr 7] 
(see Fig. 3). The specimen, attach- 

ed to a clean-pickled stout iron Pg 


wire, was first inserted near the 
end of the tube as shown in Fig. 
3, kept there while the tube was 
flushed free from air by passing |A B 
about 3 1. of gas, and then moved 
to the central part of the furnace 

















valve H (Fig. 1) was closed, the exit bung of the 
furnace removed, and the specimen brine-quenched. 

The specimens were sectioned and the sections 
carefully polished to preserve the fine details of 
graphite and other constituents. They were examined 
under the microscope, both unetched, in ordinary 
light and in polarized light, and etched, in ordinary 
light. 


EXPERIMENTAL RESULTS 


Effect of Atmosphere During Annealing on Type of 
Graphite Formed 

In the following annealing experiments the main 
interest attaches to the rate of graphitization and to 
the relative proportions of the two types of graphite 
formed. The former was determined by comparing 
the. area of cementite remaining in the quenched 
specimen, after different periods of annealing, with 
the area in a specimen quenched at the annealing 
temperature before graphitization started. To deter- 
mine the proportion of spherulitic to non-spherulitic 
graphite, an area of the section was traversed under 
the microscope and the particles or aggregates of 
both types were counted—generally 250-300 in all. 
All aggregates of graphite particles having the typical 
radial lattice orientation were counted as spherulites, 
regardless of shape of contour. 

Preliminary annealing experiments were carried out 
with iron No. 7 (S: Mn ratio 2-9) at 1000°C. on 
3-mm. discs. It was found that the type of graphite 
obtained was in some way related to the atmosphere 
surrounding the specimen (see Table II, experiments 
A-E). In a carbon monoxide atmosphere, mainly 
spherulites were obtained, whereas nitrogen, helium, 
or carbon dioxide caused mainly compact nests* to 





* Since the term nodule, commonly used, appears to 
be ambiguous, all aggregates of non-spherulitic graphite 
particles will be called nests. Variations in the structure 
of nests are described in detail later. 


A. Hydrogen cylinder 
B. Nitrogen cylinder on glass wool 
C. Mixing flask H, L, P, Q. Valves 
D. Ascarite J. Annealing furnace 


G. Phosphorus pentoxide 


E. Platinized asbestos in M. Exit flask, with brine 
silica glass tube 
F, K. Silica gel 


N. Brine vessel 








by manipulating the wire in the Fig. 1—Gas-annealing apparatus, using mixtures of nitrogen and hydrogen 
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H JJ 


B B Cc D 


A. Gas cylinder C. Ascarite (omitted for carbon dioxide) 
B. Alkaline pyrogallol solution D. Silica gel 
H, J. Asin Fig.1 


Fig. 2—Purification train for nitrogen, helium, carbon 
monoxide, and carbon dioxide 


form. It also appears that the nests started to form 
earlier and grew faster than the spherulites. The 
carbide-stabilizing effect of hydrogen is demonstrated 
in experiment F’, in which no graphite had appeared 
after 8 hr. 

In experiment G, using a mixture of carbon mon- 
oxide and nitrogen, both types of graphite were 
formed, with preference for spherulites in the central 
portion of the specimen. Continuing the use of thin 
specimens, experiments L, M, and N showed that 
carbon monoxide, nitrogen, and helium, at 1050° C., 
caused only nests and not spherulites to form; this 
was also true for carbon monoxide at 1100° C. (experi- 
ment Q). 

The non-uniform distribution of the two types of 
graphite obtained in experiment G suggested that 
some element diffusing in the specimen during the 
test affected the result. To study this further, experi- 
ments H—K were carried out at 1000° C., using larger 
specimens (22 mm. dia. x 18 mm.). 

In carbon monoxide, spherulites were formed (H) 
as with the thin specimens (8B); in nitrogen (J, K), 








J IC em 


Fig. 3—Arrangement of thermocouple A and prelimi- 
nary location of specimen B in tube furnace 


however, there was also a definite tendency for 
spherulites to form, which was hardly apparent with 
the thin specimens (C). Experiments with the larger 
specimens at 1050°C. (O, P) gave, both for carbon 
monoxide and for nitrogen, mainly spherulites in the 
centre and only nests at the surface. 

A rough calculation of the diffusion coefficient 
according to van Liempt,® based on the assumption 
that some element diffusing during the holding time 
at 1000° C. caused the distribution of the two types 
of graphite observed in specimen G, gave a value of 
about 2 x 10-4 sq. cm./sec. In order of magnitude 
this value might fit hydrogen in austenite, but hardly 
any other element. 

Annealing experiments were then made with 3-mm. 
discs of iron No. 7 in varying nitrogen—hydrogen 
mixtures at different temperatures in the range 
1000-1100° C., to determine the graphite condition at 
the moment of completed graphitization. The results 
for 1075°C. are plotted in Fig. 4. For hydrogen 
contents of less than about 5%, all graphite formed 
was of the nest type. As the hydrogen content was 
raised from 5% to about 9% the proportion of spheru- 
litic graphite gradually increased to 100°. Hydrogen 
contents above 9% also gave 100% spherulites. The 
time required for complete graphitization increased 
with the hydrogen content. Hence, there are two 
critical values of hydrogen content—a lower one, 
Hyin, and a higher one, Hmax, as indicated in Fig. 4. 









































Table II 
IRON No. 7: GRAPHITE TYPES AFTER ANNEALING IN DIFFERENT GASES AND GAS MIXTURES 
Bape | Teg | Atmosphere | Svectmen sive. | Holding |. Comentite. Graphite Type 
A 1000 co 12 dia. x 3 2 hr. 20 Mainly spherulites 
B ” co ” 4 hr. 0 ” ” 
Cc + N, ne 80 min. 0 Mainly compact nests 
D ” He ” ” 3 ” ” ” 
E ” co, ” ” 3 ” ” ” 
F re H, ne 8 hr. 100 wat 
G ~ 50% CO + oF 2 hr. Centre: 5 | Centre: 90° spherulites, 10°, nests 
50% N, Surface: 0 | Surface: 60°, “ 40% 
H * co 22 dia. x 18 4 hr. Centre: 3 | Mainly spherulites 
Surface: 0 
I * N, “ 1 hr. Centre: 90 | Centre: 30° spherulites, 70°, nests 
Surface: 0 | Surface: 25°, *9 18% 9 
K “ N, - 4 hr. Centre: 25°, i 75% nests 
L 1050 co 12 dia. x 3 20 min 20 Compact nests 
M ” Nz ” ” 20 ” ” 
N - He és a 20 ” ” 
Oo ” co 22 dia. x 18 | 40 min. | Centre: 90} Centre: spherulites 
Surface: 0 | Surface: compact nests 
P es N, “a ae Centre: 90 | Centre: spherulites 
Surface: 0 | Surface: compact nests 
Q 1100 co 12 dia. x 3 10 min. 0 Compact nests 
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Fig. 4—Proportion of spherulitic graphite at completion 
of graphitization, plotted against volume per- 
centage of hydrogen, for iron No. 7 annealed in 
nitrogen-hydrogen mixtures at 1075° C. (Hmax = 
higher critical hydrogen content; Hmin = lower 
critical hydrogen content) 








Similar curves were determined for 1000°, 1025°, 
1050°, and 1100°C. Values of Hmax for these tem- 
peratures are plotted in Fig. 5 

At this point the results given in Table IT will be 
reconsidered. It seems likely that the formation of 
spherulitic graphite, whenever encountered in these 
tests, was connected with hydrogen originally present 
in the iron, and that the formation of nest graphite, 
at least at the lower annealing temperatures, resulted 
from loss of hydrogen from the specimen during 


annealing. If this explanation is true, removal of 


hydrogen from the specimen by diffusion was appar- 
ently facilitated by (i) small specimen size; (ii) anneal- 
ing in nitrogen, helium, or carbon dioxide; (iii) 
increasing the annealing temperature; and, of course, 
(iv) increasing the time at high temperature. On 
the other hand, carbon monoxide in some way delayed 
this removal sufficiently for spherulites to form with 
little competition from nests at 1000° C. and, for the 
larger specimen, at 1050°C. Pack-annealing in the 
carburizing mixture gave the same results as annealing 
in carbon monoxide, but at a somewhat slower rate. 

As the carbon monoxide was not purified in regard 
to hydrogen, and the carburizing mixture was not 
dried, enough hydrogen may have been present in 
the surrounding atmosphere, in both cases, to retard 
the lowering of the original hydrogen content and 
thus cause the results obtained. 

The surface reactions occurring in the different 
media during annealing may be of interest in this 
connection. In the carburizing medium, annealing 
at 1000° C. for 1 hr. caused a 0-03-mm. thick surface 
layer to form, consisting of cementite traversed by 
numerous narrow threads of, presumably, silicate 
(Fig. 8). Similar but thinner surface layers were 
formed in carbon monoxide and even in nitrogen. It 
is believed that the cementite had formed after oxida- 
tion of silicon had lowered the carbon activity of the 
austenite, thus causing carbon to diffuse outwards. 
It is possible, although hardly likely, that the presence 
of a surface layer of cementite might delay hydrogen 
removal sufficiently to influence the results in the way 
described. 
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The values given in Figs. 4 and 5 are thus not 
strictly correct, for at the beginning of each annealing 
experiment some time must have elapsed before a 
hydrogen content of the specimen changed from the 
initial to the equilibrium value, during which period 
graphite was probably nucleated. Attempts were 
made to evaluate the magnitude of this error, as 
follows. 

Specimens of iron No. 7 were first annealed for 
16 hr. at 610°C. in pure hydrogen and were then 
rapidly heated to 1100° C.; annealing was continued 
at this temperature in a mixture of nitrogen and 
14-4% of hydrogen, calculated,’ without regard to 
the alloying elements present, to give the same equi- 
librium content of hydrogen in the austenite as the 
preliminary anneal at 610° C. would give in the ferrite. 
The possibility that some graphite is nucleated at 
610° C., and that the results are thus not strictly 
representative of the annealing at 1100°C. only, 
cannot be excluded. Heating at 610°C. took place 
in the cool part and that at 1100° C. in the hot part 
of the same furnace. 

A series of such experiments performed at 1100° C. 
gave a corrected value for Hmax of 15:5°% hydrogen 
(see Fig. 5), compared with the uncorrected value of 
18%. Similar experiments at other temperatures were 
not made, but it is believed that the curve in Fig. 5 
correctly expresses the trend of the corrected value 
of eee 

From the observations made during all these 
annealing experiments in various nitrogen-hydrogen 
mixtures it is concluded that, with increasing hydrogen 
content in the iron, the formation of both nests and 
spherulites of graphite is delayed, and also that the 
former is more delayed than the latter since, with 
hypercritical hydrogen pressures, only spherulitic 
graphite is obtained. 
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Fig. 5—Values of higher critical hydrogen content 


(Hmax) for iron No. 7, plotted against annealing 
temperature 
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A few experiments were made with the specimens 
degassed before high-temperature annealing. Speci- 
mens, 3 mm. thick, of iron No. 7 were annealed at 
325°C. for 120 hr., thus reducing the hydrogen 
content (determined by extraction at 600°C.) from 
0-8 to less than 0-1 ml. per 100 g. On annealing 
at 1000° C. in carbon monoxide until graphitization 
was complete, degassed specimens gave about 18% of 
nest graphite, whereas untreated specimens gave 
about 8%, the remainder being spherulites. Although 
the effect is small it is in accord with the other 
observations on the influence of hydrogen. 


Effect of S: Mn Ratio on Type of Graphite Formed 
During Annealing 

The effect of the S:Mn ratio on the type of graphite 
formed during annealing under conditions where no 
hydrogen is present from beginning to end has not 
been studied, because of the experimental difficulties 
involved. However, annealing experiments were made 
on irons Nos. 0, 1, 2, and 7 at 1100°C. in various 
nitrogen—hydrogen mixtures, to determine the com- 
bined effect of S : Mn ratio and hydrogen content in 
the gas mixture on the type of graphite formed after 
completed annealing. The results are plotted in Fig. 6 
as curves for 100%, 50%, and 0% spherulitic graphite, 
the values given being uncorrected (see p. 354). No 
great accuracy can be claimed for this diagram. For 
iron No. 0, only nest graphite was obtained, even in 
pure hydrogen. It is possible that annealing in 
hydrogen at a high pressure might produce spherulites 
in this iron. 

Figure 6 shows that at 1100°C. the hydrogen 
content required to produce 100% _ spherulitic 
graphite decreases steadily as the S: Mn ratio in- 
creases; disregarding the uncertainty of the uncor- 
rected figures of Hmax, an iron having an S: Mn 
ratio of about 0-8 would require 100% of hydrogen 
and an iron with a ratio of about 3-3 would require 
no hydrogen in the gas mixture. The fundamental 
relations would probably be expressed in terms of 
temperature and of concentrations of sulphur, 
manganese, and hydrogen in solution in the austenite. 


Effect of Annealing on Structure of Austenite and 

Cementite 
The changes in austenite and cementite structure 

taking place with increasing temperature may be 
briefly described as follows: 

(i) The austenite grain size established at the Ac, 
transformation on heating does not appear to 
increase appreciably until fairly high temperatures 
(about 1050° C.) are reached; the time at tempera- 
ture, of course, is also important. 

(ii) Numerous small or medium cementite par- 
ticles within the grains are gradually dissolved, 
probably promoting grain growth. 

(iii) Cementite is spheroidized with increasing 
temperature and time, resulting in rounded and 
lenticular shapes. 


Effect of Heat-Treatment on Sulphide Inclusions in 
Irons of High S : Mn Ratios 


In irons of the type considered in this work, the 
nucleation and growth of graphite during annealing 
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Fig. 6—Proportion of spherulitic graphite, plotted 
against S : Mn ratio and volume percentage of 
hydrogen, in fully graphitized specimens annealed 
at 1100° C. 


may be governed to a large extent by certain phases 
present and by their structure. At the annealing 
temperatures used the following phases may exist: 
austenite, cementite, iron sulphide, manganese sulph- 
ide, liquid metal of low sulphur content, and sulphur- 
rich liquid. Inclusions other than sulphide will be 
disregarded in this paper. 

The changes in structure occurring during, and 
affected by the manner of, nucleation and growth of 
graphite are dealt with later. At this point, the 
changes in type and shape of sulphide inclusions 
taking place during annealing, independently of 
graphite formation, will be discussed. The observa- 
tions were made mainly on specimens of irons No. 2 
and No. 7, the former of which had higher sulphur 
and manganese contents and a lower 8: Mn ratio 
than the latter (see Table I). The observations do 
not, of course, apply to irons generally used for 
making blackheart malleable cast iron (No. 0). 

As cast, irons No. 2 and No. 7 both contained iron 
sulphide and manganese sulphide. In a freshly 
polished specimen, the brownish-yellow grey iron 
sulphide is easily distinguishable from the bluish-grey 
manganese sulphide (Fig. 9a). This is also true for 
specimens quenched from high temperatures, although 
the tints may not remain unaltered (Figs. 96 and c). 
The two sulphides appear as single or duplex particles. 

The hexagonal iron sulphide is anisotropic, display- 
ing under polarized light, with crossed nicols, a 
marked contrast between the light and dark tints at 
suitable angular positions of the microscope stage. 
The manganese sulphide, however, except under 
certain conditions of composition and heat-treatment 
as described on p. 356, is isotropic. 

The manganese and iron sulphides can also be 
distinguished by etching in a 10% solution of chromic 
acid, in which only the manganese sulphide is attacked. 


Changes in Sulphide Inclusions During Annealing 
Below Solidus 

In the binary system FeS—MnS, according to 

Shibata,® solid manganese sulphide dissolves iron 

sulphide to an extent increasing with temperature, 

from 24% at room temperature to 75% at the 
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eutectoid temperature (1164°C.), whereas the solu- 
bility of manganese sulphide in solid iron sulphide 
at the latter temperature is only 2%. 

Similarly, when both sulphides are present as 
inclusions in white irons such as No. 2 and No. 7, 
which are Fe-C-Si-Mn-S alloys, the manganese 
sulphide dissolves more iron sulphide with increasing 
temperature below the solidus, and the relative 
amount of iron sulphide visible in the structure 
will decrease.*: 4 This is seen in Fig. 7, in which 
the number of single-phase FeS particles, expressed 
as a percentage of all sulphide particles in the 
quenched specimens, is plotted against the annealing 
temperature, for irons No. 2 and No. 7. In each case 
a total of about 200 inclusions was counted in the 
area surveyed. 

As pointed out by Morrogh,? the effect of annealing 
on sulphide inclusions is to spheroidize them. This 
means that both single and duplex inclusions of iron 
and manganese sulphides, when located within an 
austenite grain, gradually assume a spherical or 
nearly spherical shape, and when at a grain boundary 
become lenticular. A duplex sulphide inclusion that 
is still irregular after annealing at a lower temperature 
is shown in Fig. 10. Figures 9c and 11 show rounded 
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and lenticular sulphide inclusions in_ specimens 
annealed at higher temperatures below the solidus, 
Figures 9b and 12a show duplex inclusions with a 
rounded contour having protruding angles at austenite 
grain boundaries. 

These changes in shape of iron sulphide and 
manganese sulphide particles appear to indicate that 
the sulphide/austenite interfacial free energy is similar 
in magnitude to the grain-boundary free energy of 
austenite. 

Figures 13 and 14 show instances of sulphide 
inclusions in contact with cementite, indicating a 
fairly low sulphide/cementite interfacial free energy. 
The reasons for believing that the sulphide particles 
were solid at that temperature (1100°C.) are given 
on p. 357. 

No effect on sulphide inclusions which might be 
ascribed to the influence of hydrogen has been noticed 
in the microstructure. 


Transformation of Manganese Sulphide 


Although, as has been stated, the two sulphides 
can be identified by their colour in ordinary light, 
polarized light, with crossed nicols, was generally used 
for checking. In the untreated specimens of all the 
irons studied (Table I) the manganese sulphide, as 
expected, was isotropic. In all specimens of irons 
Nos. 2, 3, and 7 that had been quenched after anneal- 
ing at 550°C. (40 hr.), 700°C. (20 hr.), and up to 
1100° C. (5 min.), the manganese sulphide particles 
were subdivided into smaller units, most of which 
were anisotropic, generally arranged in a Widmann- 
stétten pattern. Examples are shown in Figs. 12c 
and l6c. Even in ordinary light the Widmannstatten 
pattern could sometimes be faintly discerned (Figs. 
10 and 12a). Similar tests were made with iron No. 1 
(S: Mn =1-0), the specimens being annealed at 
550°, 700°, 1000°, and 1100°C. and quenched. In 
all these specimens, however, the manganese sulphide 
was isotropic. 

It may be concluded that manganese sulphide with 
a sufficiently high FeS content undergoes on quench- 
ing, 7.e., cooling at a rate sufficient to prevent precipi- 
tation of iron sulphide, a diffusionless transformation 
into an anisotropic form. As with the austenite- 
martensite transformation, the transformation tem- 
perature range presumably varies with composition.* 
The anisotropic form of manganese sulphide showed 
the same etching characteristics as the isotropic form. 


Changes in Sulphide Inclusions During Annealing 
Above Solidus 

In the ternary system Fe-C-S two immiscible 
liquids appear, one with high carbon and low sulphur 
contents and the other with low carbon and high 
sulphur contents. 

After annealing in the range 1110-1130°C. the 
quenched specimens showed, in addition to austenite, 
structures indicating the presence of two such liquids 
in iron No. 7 (S : Mn = 2-9), but only one, the low- 
sulphur melt, in iron No. 2 (S : Mn = 1-5). 





* An investigation of the anisotropy of quenched 
manganese sulphide will probably soon be undertaken 
at the Institute of Chemistry, University of Uppsala, 
under the supervision of Professor G. Hagg. 
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(a) Polarized light (| ) (b) Polarized light (+) 
Fig. 28—Iron No. 2, annealed 16 min. at 1150° C. in salt bath; cooled in air x 1500 
: «3 
4 
} 
{ 
{ 
Fig. 29—-Iron No. 7, annealed 1 min. at 1140° C. in N,; Fig. 30—Iron No. 7, annealed 5 min. at 1120° C. in N,; quenched. 
quenched 400 Polarized light ( ) 2000 








(a) Ordinary light <x 2000 (6) Polarized light (-4 -) x 1500 Fig. 32—-Iron No. 7, annealed 30 


Fig. 31 


min. at 1010° C. in N,; quenched. 
-Iron No. 7, annealed 5 min. at 1045° C. in N,; quenched Polarized light (—+-) < 1500 
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Fig. 33—As in Fig. 32. Polarized light ( | ) Fig. 34—Iron No. 2, annealed 9 min. at 1070° C. in 
1200 N,; quenched. Polarized light (| ) 2000 





Fig. 35—Iron No. 7, annealed 10 
min. at 1100° C. in N,; quenched. 
Polarized light (| ) < 1200 





' Fig. 36—Iron No. 7, annealed 2 hr. at 1100° C. in 
12-5°,, H,; quenched. Polarized light (| ) 
x 1500 





Fig. 37—Iron No. 2, annealed 16 hr. at 950° C. in car- 
> burizer; quenched. Polarized light (|). Man- 
ganese sulphide x 1500 
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4 2 a) Polarized light (| ) (4) Polarized ligh 
‘ig. 38—Iron No. 7, annealed 30 min. at e i 


1030° C. in N,; quenched. Polarized Fig. 39—Iron No. 7, annealed 2 hr. at 1100 C. in 12-5°,, H,; 
light (|). Duplex sulphide 1500 quenched 1500 





(4) Polarized light (| ) (b) Polarized light (-!-) Fig. 41—Iron No. 7, annealed 8 hr. at 


Fig. 40—As in Fig. 39 « 1200 


950° C. in carburizer; quenched. Pol- 
arized light (| ) 2000 
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if 
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/ 


see a" 


Ra} 






Fig. 43—Iron No. 7, an- Fig. 44—As in Fig. 42 Fig. 45—Iron No. 7, an- 


nealed 3 hr. at 950 "C. in 1200 nealed 20 min. at 1130° C. 
carburizer ; quenched. in H,; quenched. Polar- 
Polarized light( |) « 2000 ized light (| ) 1500 


Fig. 42—Iron No. 2, annealed 1-5 hr. at 1100° C. in 
78°, H,; quenched. Polarized light (| ) 1200 
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(a) 


Fig. 56—Iron No. 2, annealed (a) and (c) 10 hr. at 950° C. in carburizer, and (6) 1-5 hr. at 1100° C. in 78°, 
H,; quenched. Polarized light (| ). (a) and (b) Manganese sulphide; (c) duplex sulphide < 1500 
| 





(a) 

Fig. 57—Iron No. 7, annealed Fig. 58—Iron No. 7, annealed 8 hr. at 950° C. in carburizer 
5 min. at 1120° C. in N,; quenched. Polarized light (|). Iron sulphide < 200 
quenched. Polarized light (| ) 

< 1500 
Fig. 59—Iron No. 7, 
annealed 30 min. at 
oo” 6G. 6 6in 6 
quenched. Polarized 
light (-+--)! 1500 





Fig. 60—Iron No. 2, annealed 
| 9 min. at 1070° C. in N,; 
| quenched. Polarized light 
| (|) x 2000 
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Fig. 61--Iron No. 2, 
annealed 10 hr. at 
950° C. in carburizer; Fig. 62—Iron No. 2, annealed 4 hr. at 1000° C. in 
quenched. _ Polarized carburizer; cooled in air. Polarized light (| ) 
light (| ) 1200 x 2000 
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(a) x 1200 


(b) 2000 


Fig. 63—Iron No. 7, annealed 10 min. at 1100° C. in 12°, H,; quenched. 


Polarized light (| ) 
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(a) x 1200 


(hb) 1000 


Fig. 64—Iron No. 10: (a) as cast, (6) annealed 1 hr. at 1000° C. in N,, quenched. 
light (| ) 








Polarized 
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HULTGREN AND OSTBERG: STRUCTURE OF WHITE CAST IRONS 


Figure 15 shows a structure of the latter type. Solid 
rounded particles of manganese sulphide are found, 
partly in austenite and partly in the eutectic struc- 
ture. The latter contains austenite, cementite, and 
jron sulphide, and possibly also some finely dispersed 
manganese sulphide, and represents the liquid metal, 
of fairly low sulphur content, that existed at the high 
temperature. This eutectic structure will be called 
§-ledeburite.* No solid iron sulphide remained at 
1120°C. In this connection the following mechanism 
is suggested. When the liquid is formed, the composi- 
tion of the adjoining austenite is adjusted at the 
solidus surface of the equilibrium diagram (for 
simplicity regarded as ternary Fe—-C-S), with lowered 
carbon and sulphur contents. Iron sulphide particles 
existing in the interior of an austenite grain can thus 
be wholly dissolved, and sulphur will diffuse towards 
the liquid. The manganese sulphide will be only partly 
dissolved at this temperature. Only a few of the 
manganese sulphide particles in this specimen showed 
anisotropy, probably because their FeS contents had 
decreased in establishing the new equilibrium. After 
quenching from 1145° C. the manganese sulphide was 
wholly isotropic. 

Figure 16a shows the result of annealing a specimen 
of iron No. 7 (S : Mn = 2-9) at the same temperature 
(1120°C.). Besides S-ledeburite, a globule of iron 
sulphide appears, with inclusions of austenite and, 
presumably, cementite. This globule is taken to 
represent the sulphur-rich liquid, solidified into a 
ternary eutectic. Similar structures are shown in 
Figs. 166 and 17a, and the same areas, as seen in 
polarized light with crossed nicols, are shown in Figs. 
l6c and 17. Drops of sulphur-rich melt have formed 
in close proximity to low-sulphur melt, and the former 
drops often contain remnants of solid manganese 
sulphide. The manganese sulphide is largely aniso- 
tropic. The fact that the iron sulphide particles are 
subdivided into several grains (particularly the lower 
one in Fig. 16c) is taken as evidence that they have 
undergone melting and freezing. The iron sulphide 
particles shown in Figs. 13b and 14 were single-grain 
particles, and hence were judged to have remained 
solid. 

There is admittedly some uncertainty regarding 
this point. In specimens annealed in the range 
900-1100° C., most iron sulphide particles, also when 
in contact with manganese sulphide, consisted of a 
single grain and showed only the gradual changes in 
shape described. A few exceptions were, however, 
observed at 1080-1100° C., where iron sulphide, still 
consisting of one grain, encircled a core of manganese 
sulphide. It must be admitted that the latter combina- 
tion could be due to melting of iron sulphide into a 
sulphur-rich liquid and resolidification into one grain 
on quenching. 

The sulphur-rich melt in iron No. 7 exists only up 
to about 1130°C. After annealing at 1140°C. no 
indication of it was observed in the quenched speci- 
mens. The manganese sulphide in this iron sometimes 
showed anisotropy, even after annealing at 1150° C., 





* No indication that a sulphur-rich liquid formed as a 
decomposition product of the melt during quenching, as 
might have been expected, was observed in the structure. 


APRIL, 1954 


357 


a sign that it probably retained more iron sulphide 
in solution at these temperatures than did the 
manganese sulphide of iron No. 2. 


Formation of Fine Sulphide Particles During Annealing 


After annealing irons No. 2 and No. 7 at 900°C. 
or above for a sufficient time, a precipitate of fine 
dark particles could be seen in the matrix of the 
quenched specimens. As the annealing time increased, 
the particles gradually grew in size and their number 
decreased (Fig. 18). In the largest particles observed, 
about 0-001 mm., their colour could be discerned. 
The colour, degree of transparency, and etching 
behaviour of the particles indicated that they were 
composed of iron sulphide, manganese sulphide, and 
some silicate. At 900° C. the predominant constituent 
appeared to be manganese sulphide in iron No. 2 
and iron sulphide in iron No. 7, the proportion of 
manganese sulphide increasing at higher temperatures. 
No such particles were observed in iron No. 0. 

It is assumed that the primary austenite formed on 
solidification was supersaturated with respect to 
sulphide, 7.e., that nucleation or growth of sulphide 
was delayed until the later stages of freezing when 
the larger sulphide inclusions formed. When a 
general precipitation of sulphides from the matrix 
started, the temperature was probably so low that 
the precipitate was mainly submicroscopic. Annealing 
would then bring about coalescence. At low S : Mn 
ratios, as in iron No. 0, the amount of supersaturation 
was probably small, so that no particles were observed 
after annealing. A possible significance of the fine 
sulphide particles for nucleation of spherulitic graphite 
is discussed on p. 360. 


Examination of Graphite in Polarized Light 

As is well known, the anisotropy of a graphite 
crystal, eg., a flake, is strongly brought out in 
polarized light with crossed nicols. In the course of 
one revolution of the microscope stage, four light and 
four dark positions appear. Using only one nicol, 
two light and two dark positions result. In the micro- 
scope used in this work,* the plane of polarization 
of the polarizer corresponded to the vertical direction 
and that of the analyser to the horizontal direction 
in the image observed in the eyepiece. The polariza- 
tion effect of the glass-slip reflector} coincided with 
that of the polarizer. 

Figures 19a, 6, and c¢ show the same graphite 
spherulite in the following combinations of polarized 
light: (a) polarizer and analyser (crossed nicols), 
(b) polarizer, and (c) analyser combined with glass 
slip. Figures 196 and c demonstrate that in a spheru- 
lite the projections of the c-axes are approximately 
radial, whereas Fig. 19a is ambiguous in this respect 
(cf. the results of Morrogh and Williams® 1). The 
same reasoning applies to a graphite flake, where 
in plane-polarized light the flake section will appear 
dark only when the longitudinal direction of the 
section is perpendicular to the single polarization 
plane used, whereas crossed nicols will also cause 
extinction in a position perpendicular to the first. 





* Reichert Me A. 
+ Untreated. 
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For this reason, most of the micrographs of graphite 
shown here, #.¢., of spherulites (Fig. 59), flakes, and 
flake aggregates (Figs. 32 and 35), were taken with 
either analyser or polarizer omitted; the type of 
polarized light used is indicated in the captions as 
follows: 

+ = Crossed nicols 

| = Polarizer only, direction of polarizing plane 

indicated 

+ or -+ = Analyser (—) and glass slip (---). 

The third combination tends to give richer contrasts 
than the second, because the polarization of the 
incident light produced by the glass slip is only partial. 
On the other hand, a glass-slip reflector, one side of 
which has been ‘ anti-reflex treated’ and the other 
treated to give increased mirror effect, gave no 
observable polarization effect. 

As has been stated, spherulitic and non-spherulitic 
graphite or mixtures of both could be produced at 
will in irons No. 2 and No. 7 at any of the annealing 
temperatures used, by varying the composition of 
the surrounding medium. In the following, except 
where otherwise stated, micrographs showing different 
types of graphite formation in various stages of 
development will be presented because they have 
occurred frequently enough to be considered signifi- 
cant.* 

The graphite of malleablized white iron always 
seems to form aggregates, never uniformly dispersed 
units. In irons No. 2 and No. 7 such aggregates can 
be roughly divided into three types: (i) dispersed 
flake nests, (ii) compact nests, and (iii) spherulites. 
As will be seen, transition forms also occurred. The 
units of (i) are flakes, and those of (ii) are more or 
less equi-axed particles; the units of (iii) require 
special discussion. 


Dispersed Flake Nests 


This category also includes observations on separate 
flakes, which presumably represent the early stage 
of nest formation. The specimens illustrated in this 
section were, for obvious reasons, generally annealed 
in nitrogen. 

Although sections of graphite flakes growing in 
austenite without visible contact with any other phase 
were very common, instances of growth along various 
interfaces were frequent enough to demand attention. 

Figure 20a shows a series of connected flakes, some 
of them partly ‘ hugging ’ an irregularly shaped duplex 
sulphide inclusion, mainly manganese sulphide. Those 
parts of flakes which are in immediate contact with 
sulphide have, as indicated by the polarization tints, 
grown with their basal planes coinciding with the 
sulphide surface. The vertical top flake appears to 
be an extension of the left-hand adjoining flake and 
has outgrown, in a basal-plane direction, the thin 
adjoining top flake. Some flakes growing freely are 
curved, and some contain bands of differing orienta- 
tion. In Figs. 20b and 21, the deformation of the 
sulphide and the basal-plane—interface coincidence of 





* The authors are aware of certain defects in some 
micrographs, mainly due to lack of focus in certain parts 
and generally connected with a relief effect resulting 
from prolonged polishing. In the authors’ experience, 
graphite often required such polishing treatment. 
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the adjoining graphite flakes are also evident. In 
Fig. 22, flakes appear first to have grown along a 
manganese-sulphide/liquid-metal interface and then 
to have grown out from it. One flake follows an 
austenite/liquid-metal interface. 

Growth of graphite flakes along austenite/cementite 
interfaces, with basal-plane—interface coincidence, js 
illustrated in Figs. 23, 24, and 25. The fact that the 
contact is locally interrupted by a thin layer of 
austenite probably indicates a secondary develop. 
ment: where the three phases meet it is only natural 
that austenite dissolves some cementite, the carbon 
thus received in excess of the equilibrium concentra. 
tion being deposited as graphite on the growing flake. 
Existing-narrow bridges of cementite may be remnants 
or may have precipitated during the quench. 

Graphite flakes growing into cementite (Fig. 26) 
were less frequent. 

In Figs. 27a and b, the growth of graphite flakes 
can partly be followed along austenite/liquid-metal 
(now S-ledeburite) interfaces. Growth in the liquid 
and in the austenite, however, is also present. Figure 
28 shows flake growth, apparently along grain 
boundaries with basal-plane-boundary coincidence, 
but it should be pointed out that liquid metal was also 
present. This also applies to Figs. 29 and 30. ‘This 
point is discussed on p. 360. 

Figures 2la, 31, 32, and 33 show dispersed flake 
nests being formed at 1010° and 1045° C., and com- 
pleted nests formed at 1070° and 1100° C. are shown 
in Figs. 34 and 35. The higher the temperature of 
annealing in nitrogen, the coarser and more dispersed 
are the flakes in the nests; Fig. 33 shows a nearly 
compact nest. In Figs. 206, 2la, and 34, flakes are 
seen partly embracing a sulphide inclusion. From the 
appearance it is suggested that the nest has met the 
sulphide particle during its growth, flakes have 
formed, growing with basal-plane-interface coinci- 
dence, and the sulphide has been deformed during 
this process. This is discussed further on p. 361. 

As is seen clearly in Figs. 31b, 32, 34, and 35, dis- 
persed flake aggregates grow by branching; the 
branches often start to grow from a flake while it 
is thin and grow in thickness simultaneously with it. 
There is evidence of a definite lattice relationship 
between a flake and its branches—possibly a twin 
relation. The flakes are generally curved and often 
show breaks, with lattice orientation coinciding with 
shape in both cases. 

Instances in which flake growth along austenite/ 
cementite interfaces plays a part in the growth of 
nests can be seen in Figs. 3la and 6. The gradual 
retreat of cementite from growing nests by solution 
in austenite is seen in Figs. 21a, 31, 32, and 33. 


Compact Nests 

A typical compact nest, with equi-axed graphite 
units and few austenite inclusions, is seen in Fig. 36. 
This should be compared with Fig. 35, which shows 
a dispersed flake aggregate. Both are for iron No. 7 
annealed at 1100°C.; the compactness of the nest 
of Fig. 36 is due to the 12% of hydrogen in the 
annealing gas. 

Fairly compact nests are also seen in Figs. 37 and 
38, both of which show contact between graphite and 
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sulphide. The sulphide particles are irregular as if 
deformed, and flakes growing along a sulphide surface, 
with basal-plane coincidence, may grow out into the 
surrounding austenite at a protruding angle of the 
sulphide particle. 

If dispersed flake aggregates grow by shoots of new 
flakes branching off from older ones, it is reasonable 
to assume that a similar process governs the growth 
of compact nests, the equi-axed shape of the graphite 
units accounting for the compactness. 


Spherulitic Graphite 

The main criterion of a graphite spherulite is con- 
sidered to be its radial texture. In a section, as seen 
in plane-polarized light, the projection of the c-axis 
in any part is approximately radial. In view of the 
irregularities in shape that may occur it is perhaps 
more correct to say that, near the circumference, the 
local radius of the contour surface coincides with the 
c-axis of that element. This texture, well established 
by observation in polarized light, has been verified 
by X-ray investigation." 

In the present investigation, as in several earlier ones 
dealing with graphite spherulites in grey iron,!® 1% 1 
the radial texture was sometimes found to be fairly 
continuous (Fig. 39) and sometimes displayed marked 
discontinuities in orientation between adjacent bands 
(Fig. 40).* The terms ‘continuous’ and ‘ discon- 
tinuous’ will be used to characterize these features 
in spherulites. Sometimes, adjacent radial bands 
contained sub-bands of regular orientation (Fig. 41). 

As has been stated, in irons No. 2 and No. 7 spheru- 
lites were formed in specimens annealed either in 
nitrogen—hydrogen mixtures of sufficient hydrogen 
content or, at lower temperatures, in a carburizer. 

If certain structural features offer favourable con- 
ditions for the formation of graphite spherulites, they 
should be revealed in a study of the early stages of 
growth. In the present work, small spherulites were 
usually found in austenite, in many cases growing 
in austenite and cementite simultaneously (Fig. 42), 
and in some cases apparently wholly surrounded by 
cementite (Figs. 43 and 44) or by liquid metal (Fig. 45). 

The réle of sulphide core particles* is particularly 
interesting. Core particles, generally containing 
sulphide, were often observed in specimens annealed 
both at low and at high temperatures, but, strangely 
enough, they were seldom seen at temperatures of 
about 1050° C. 

As an example, in sections of specimens of iron 
No. 7 the proportion of spherulites containing visible 
sulphide core particles was as follows: 

Annealing at 950° C. for 8 hr., about 30% 
Annealing at 1130° C. for 20 min., about 40° 

Depending on the composition of the iron and the 
annealing temperature, the sulphide cores could 
consist of iron sulphide, manganese sulphide, or 
duplex sulphide. In some cases, austenite or silicate 
accompanied the sulphide in the core. 

Manganese sulphide particles, of irregular shape 
and only partly surrounded by the growing spheru- 
lite, are illustrated in Fig. 46. Figure 19) shows a 





* Small bands, probably of the type observed in 
flakes by Hanemann and Schrader, and named by 
them ‘ Zerknitterungslamellen,’ are also seen in Fig. 40a. 
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fairly continuous spherulite with a small equi-axed 
manganese sulphide particle in the core. Spherulites 
with iron sulphide as core particles are seen in Fig. 47. 
A cluster of spherulites grown around a group of 
sulphide particles is shown in Fig. 48 (manganese 
sulphide). It will be seen that basal-plane—interface 
coincidence generally obtains, and that discontinuities 
in a spherulite may thus arise from growth around a 
sulphide particle of irregular shape. 

A special case of discontinuity in a growing spheru- 
lite is illustrated in Fig. 49, in which the right-hand 
part of the graphite, formed with basal-plane coinci- 
dence, grows past the upper right-hand corner of the 
sulphide particle and overtakes the upper graphite 
part, also formed with basal-plane coincidence. 

Core particles consisting of manganese sulphide 
accompanied by austenite are shown in Figs. 50a and 
b, and such particles apparently consisting of austenite 
only, but probably accompanied by sulphide, are 
shown in Figs. 5la and b. 

When graphite spherulites were formed in the 
presence of liquid metal, the core particles observed 
always consisted of manganese sulphide; no solid iron 
sulphide was present. A small spherulite with a tiny 
sulphide core is seen in Fig. 52a, growing at 1130° C, 
in a lake formed in the interior of an austenite grain. 
Figure 526 illustrates the preferential distribution of 
spherulites in the S-ledeburite areas, 7.e., in the former 
liquid portions. In Fig. 45 a spherulite is seen growing 
apparently wholly surrounded by liquid metal; in 
Fig. 52c it is partly surrounded by liquid metal and 
partly by austenite. Figure 52d is similar to Fig. 52c, 
but the growth of the spherulite seems to be accom- 
panied by flow of liquid between graphite and 
austenite. In Fig. 52e a spherulite is seen growing 
on a composite core particle consisting mainly of 
silicate partially coated with irregular manganese 
sulphide. This figure illustrates the fidelity with 
which the young spherulite reflects, in shape and 
orientation, the irregularities in the shape of the core 
particles, irregularities probably created as a result 
of the graphite formation. 

In several cases already illustrated, a spherulite has 
been seen growing indiscriminately in austenite and 
cementite (Figs. 42, 50a and b, and 516). Occasionally, 
however, particularly during annealing at 1000° and 
950° C., a neighbouring particle of cementite appeared 
to retard the growth of a spherulite locally, and some- 
times to affect the lattice orientation of the adjacent 
part of it. Such instances are shown in Fig. 53. The 
cementite seems generally to have retreated from the 
advancing graphite by dissolution in the austenite, 
but immediate contact may be partly retained. One 
gets the impression that the surface within the spheru- 
lite where the deviation from normal radial texture 
begins may coincide with the original surface of the 
cementite particle at the time at which contact was 
established. It appears that during the growth of 
a spherulite its ordinary radiating texture may be 
locally turned into a texture converging towards a 
cementite particle. Naturally, cementite may be 
dissolved in austenite during the approach of graphite. 
This is discussed further on p. 361. 

When a growing spherulite meets a sulphide inclu- 
sion it may grow unconcernedly around it, or a 
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secondary spherulite may be born, the growth of 
which is wholly governed by the sulphide as core 
particle (see p. 359). This is true for growth in austen- 
ite, in cementite, or in liquid metal. 

Both types of growth in liquid are shown in Fig. 54, 
and in austenite in Fig. 55. Secondary spherulite 
formation in austenite and in cementite is illustrated 
in Fig. 56. 

Figure 57 shows how a globule of sulphur-rich 
liquid flows out on to the surface of a spherulite. 
Whether it is permissible to conclude that the spheru- 
lite has grown unhindered by contact with the globule, 
the carbon being supplied mainly by diffusion along 
the interface,!® is an open question. 


Transition from Spherulitic to Non-Spherulitic Growth 
of Graphite, and Vice Versa 

Various combinations of spherulitic and non- 
spherulitic graphite in immediate contact have been 
observed. In Fig. 58a a graphite flake is seen to form 
while the growing spherulite has not yet encircled the 
irregular iron sulphide particle. Figure 58) shows a 
similar case in a secondary spherulite; the deformation 
of the sulphide particle taking place during and 
occasioned by the graphite growth, causing it to flow 
out on to the graphite surface, is fairly obvious. On 
the basis of such observations it becomes easier to 
understand why spherulites may contain core particles 
consisting of both sulphide and austenite. 

Seemingly well-formed spherulites developing local 
flake formations are illustrated in Figs. 59 and 60, 
and later stages in such developments are shown in 
Figs. 61 and 62. 

However, the opposite process may also occur. In 
Fig. 63a the lower aggregate is a spherulite, at one 
side developing into a compact nest, whereas the 
upper one has started as a compact nest, with austenite 
inclusions, and during growth has begun to show the 
characteristics of a discontinuous spherulite. The 
aggregate in Fig. 63b appears to have started as a 
dispersed flake nest, grown further through the stage 
of a compact nest, and around its circumference 
assumed the radial texture of a discontinuous spheru- 
lite. 

These two types of transition were not uncommon 
in specimens annealed under conditions not particu- 
larly favouring either spherulite or nest formation. 


DISCUSSION 


It should perhaps be re-emphasized that the present 
discussion is limited to specimens of white cast irons 
of fairly high 8S: Mn ratios (mainly 1-5 and 2-9), 
annealed in the temperature range 900-1150° C. 
Observations that have no bearing on graphite nuclea- 
tion or growth will not be considered. 

It is proposed to deal first with the various forms 
of graphite growth observed in the microstructure 
and with their mechanisms, bearing in mind the 
composition and annealing conditions imposed, and 
then to make suggestions as to how these variables 
may affect the results obtained, in regard to the types 
of graphite formed. 

The conclusions that can be drawn from observa- 
tions on microstructure, in respect of the nucleation 
of graphite during annealing, concern (a) favoured 
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sites of nucleation, and (5) lattice orientation of nuclei, 
as judged from early stages of growth. 

The evidence suggests that certain interfaces favour 
nucleation of graphite under the conditions con. 
sidered: (i) sulphide/austenite, (ii) sulphide/cementite, 
(iii) austenite/cementite, (iv) sulphide/liquid-metal, 
and (v) austenite/liquid metal. 

The fact that graphite flakes may follow grain 
boundaries (Figs. 28, 29, and 30) is attributed to 
growth along the austenite/liquid metal interface, 
because no such case of apparent grain-boundary 
growth has been observed in the absence of liquid. 

The interfaces (i) (with iron, manganese, or duplex 
sulphide), (ii), and (iv) (with manganese sulphide) 
have been found to serve both for graphite flakes 
(Figs. 20, 21, and 22) and for spherulites (Figs. 46, 
47, 48, and 49); the interfaces (iii) and (v) have been 
observed for flakes only (Figs. 23, 24, 25, and 27). 

The fact that at temperatures of about 1050° C. 
there were few visible core particles in spherulites (see 
p. 359) does not prove that core particles did not 
exist. If in this temperature range the precipitated 
sulphide particles described on p. 357 were to provide 
interfaces which are for some reason preferred, for 
nucleation, to those of the larger sulphide inclusions, 
they would not be large enough to be detected in 
graphite. It should be added that the chance of 
revealing, in one section of a specimen, the proportion 
of spherulites actually containing core particles, even 
those of appreciable size, is limited by geometrical 
considerations. 

There may, of course, be other mechanisms of 
graphite nucleation, leading to flakes or spherulites, 
than those indicated in the microstructure. 

In regard to lattice orientation of small graphite 
particles at interfaces, the basal plane of the lattice 
has generally been found to coincide with the interface, 
both for flakes and for spherulites. It is concluded 
that this relation applies to the graphite nucleus when 
formed at an interface, irrespective of the type of 
graphite growing out from such a nucleus. Accord- 
ingly, in the present case there should be no distinction 
between the nucleus of a graphite flake and that of 
a graphite spherulite; nucleus, in this context, is 
defined simply as the first submicroscopic crystal unit 
of graphite formed. This conclusion appears to be at 
variance with the supposed importance of the type 
of lattice of nucleating particles for the type of 
graphite formed by the suggested mechanism of 
epitaxis.17-° The idea of epitaxis, when applied to 
the many interface combinations listed above, is 
apparently not tenable. If this is true, the conditions 
governing growth of the graphite nucleus or nuclei 
will determine what type of aggregate is formed. 

The simplest type of graphite growth to be con- 
sidered here is probably that of a flake growing in 
austenite. In such flakes, the imperfections com- 
monly observed were: 

(i) Curved growth, with lattice ‘ curvature’ follow- 
ing curvature of outward shape. It seems likely that 
the curvature begins in the growing thin edge (basal 
plane) and actually involves a set of sub-boundaries 
extending throughout the flake 

(ii) Breaks in shape, with a difference in orientation 
(Fig. 34), or such orientation difference without a 
break in shape (Fig. 32) 
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(iii) A demarcation line, often nearly along the 
middle of the section, between two slightly different 
orientations. 

In addition, there is the common habit of forming 
branches, although this should not, perhaps, be classed 
as an imperfection of growth. 

Since a flake growing in austenite without visible 
interference assumes a curved shape, the fact that a 
graphite particle growing along an interface under 
suitable conditions faithfully follows the shape of the 
interface with preserved basal-plane coincidence is 
not surprising. In this case, three things may happen: 

(i) Sooner or later the growing flake may leave the 
ee perhaps at an irregularity (Figs. 20b, 21b, 
ani The growing flake may meet another flake, and 
then one of them may grow out (Fig. 20a) 

(iii) The flake may grow around a (sulphide) particle 
or meet other flakes doing the same, none of them 
growing out in the basal-plane direction into the 
matrix (Fig. 46). In this way the beginning of a radial 
c-axis texture is established. 

Condition (iii) would be favourable for developing a 
spherulite, although it would not necessarily be 
sufficient, as will be discussed later. The core particle 
might then properly be termed a nucleating particle. 

Speaking of non-spherulitic graphite aggregates in 
malleable iron, Palmer‘ says: “increasing sulphur 
contents progressively reduced the size of these aggre- 
gates and made them compact.” This agrees well 
with observations made in the present investigation. 
Three variables were found to favour compactness 
of nests: increase of § : Mn ratio, increase of hydrogen 
content, and decrease of annealing temperature. 
Moreover, at the annealing temperatures studied 
a further increase of S: Mn ratio and/or hydrogen 
content beyond a certain limit caused a change in 
growth leading to spherulite formation. 

It has been demonstrated that the typical dispersed 
nest consists of fairly thin flakes and grows by 
repeated branching of these flakes (Figs. 316, 32, 34, 
and 35)—a form of secondary nucleation—and that 
the typical compact nest consists of equi-axed 
graphite units (Fig. 36). The proximity of these 
units also indicates repeated secondary nucleation. 
Whether or not there is a twin relation between the 
units is immaterial for the present purpose. The main 
effect brought about by increased sulphur and/or 
hydrogen contents in changing the type of nest 
appears to be the transition from flake to equi-axed 
shape of the units, which presumably results from a 
retardation of basal-plane or a-axes growth relative 
to c-axis growth.* The question then arises whether 
further retardation of basal-plane growth is a necessary 
condition for the formation of spherulites. 

The present work has shown that there are at least 
two main types of development of radial c-axis texture 
in a graphite aggregate: 

(i) By a radial texture originating at a nucleating 
particle (as described in (iii) above) and being preserved 
during subsequent growth 

(ii) By a gradual change in type of growth, from 
that of a compact or dispersed nest to that of radial 
texture (Fig. 63). 





* Increase in c-axis rate of growth would have a 
similar effect but seems less likely, as graphite growth 
of all kinds was found to be retarded by hydrogen. 
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Dealing first with type (ii), the only possible 
mechanism appears to be that of preferred growth, 
and thus survival, of particles with their c-axis point- 
ing outwards, presumably as a result of the rate of 
growth in the c-axis direction becoming sufficiently 
faster than that in the basal-plane directions (cf. the 
formation of columnar crystals of metals during 
freezing). The principle involved may be considered 
one of ‘ favourable growth-rate relation.’ 

Considering type (i), Figs. 59, 60, 61, 62, and 63a@ 
demonstrate that a spherulite with a well-developed 
radial texture may on further growth ‘ deteriorate ’ 
into a nest, possibly as a result of the hydrogen con- 
tent decreasing during the anneal, or owing to uneven 
distribution of available sulphur. This fact indicates 
that a favourable growth-rate relation is probably 
also a necessary condition for the growth of a spheru- 
lite of type (i). 

As shown in Figs. 56 and 58), a growing spherulite, 
on arriving at a sulphide inclusion, may cause a new 
graphite nucleus to form and to grow along the surface 
of the inclusion, with the customary basal-plane 
coincidence (secondary nucleation). In this way a 
second spherulite may form. This indicates that the 
carbon atoms at the point of contact with the sulphide, 
in choosing between continued attachment to the 
existing spherulitic lattice or building up a hexagonal 
array along the interface, may prefer to do the latter. 
This observation may be of fundamental importance 
to the understanding of the mechanism by which a 
graphite spherulite is generally born. 

During the growth of a nest a similar secondary 
nucleation probably takes place (Figs. 34 and 37). 

The change in growth occasionally occurring when 
a growing spherulite approaches a cementite particle 
(see Fig. 53) may have a similar explanation. Although 
it might have been expected that all cementite within 
some distance of the advancing front of a spherulite 
would dissolve in the austenite, it is not uncommon 
to find cementite invaded by a spherulite (Figs. 42, 
506, and 51). If, as was suggested for sulphide, at the 
moment of contact a new nucleus is born, with basal- 
plane-interface coincidence, this could then grow 
along the austenite/cementite interface and thicken. 
The invading graphite would thus form an ‘ inverted ’ 
texture as observed, governed by the amount of 
growth along the interface. At any time during such 
growth cementite may be invaded transversely by 
austenite; thus, intermediate layers of austenite in 
the presence of inverted texture in spherulites in 
Figs. 53a and 6 can be understood. 

Secondary nucleation of graphite flakes at austenite/ 
cementite interfaces during the growth of nests, 
probably occurring in structures such as those of 
Figs. 31 and 32, would then be explained similarly. 

Returning to the early stage of spherulite formation 
at a nucleating particle (see Fig. 46a), the graphite 
at that stage may be regarded as a flake curved in 
the shape of a cup. Apparently the rate of growth 
along the particle surface, in the basal-plane directions, 
has greatly exceeded the rate in the c-axis directions. 
Nevertheless it has been assumed that, for independent 
graphite units, basal-plane growth is retarded under 
conditions that favour spherulite formation. This 
apparent contradiction probably only means that 
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basal-plane growth along the interface of a nucleating 
particle is particularly favoured. 

Curved or cupped growth of a seemingly indepen- 
dent flake and similar growth along an interface 
probably have it in common that curvature can be 
assumed with comparative ease by the thin edge of 
a growing graphite crystal. 

Whereas, under the conditions of the present 
annealing experiments, sulphide particles surrounded 
by an austenite grain fairly rapidly became rounded, 
similar particles in contact with graphite were 
generally irregular in shape. This applies to spherulite 
core particles above a certain size (Figs. 47 and 48), 
and also to particles in contact with flakes (Figs. 20 
and 21). Apparently, the irregularity is a result of 
deformation occurring during the graphite growth. 

During annealing below the solidus, one plausible 
cause of such deformation would appear to be the 
stresses set up around the growing graphite owing to 
the accompanying increase in volume (e.g., in the case 
illustrated in Fig. 586). When a spherulite appears 
to grow in liquid metal, however, as in Fig. 54, some 
other explanation of the deformation seems to be 
called for. 

Other conditions being equal, a graphite crystal 
would prefer straight growth; but if a curved interface 
offers favourable growth conditions for the advancing 
edge, this offer is accepted and the thin crystal first 
formed follows the curvature. On thickening, how- 
ever, the crystal finds it increasingly difficult to 
maintain the curvature, and a tendency to straighten 
or flatten develops. It can then be seen how the 
straightened part can continue its growth in a 
tangential direction, leaving the interface. It seems 
possible that the interplay of interfacial free energies 
of the three phases concerned will then cause the 
sulphide to flow out on to the surface of the graphite 
(Fig. 586). 

Local deformation of the core particle, from any 
cause, will in some cases lead to the radial texture not 
being preserved. In other cases the tendency for 
interfacial oriented growth appears to be strong 
enough to make the graphite resist such temptations, 
and a spherulite with a deformed core particle is 
formed. Secondary nucleation as described on p. 360 
(Figs. 55 and 56) or independent nucleation at other 
places of the interface may assist in this process. 
However, the prevention of flaky growth out from 
the core particle, and thus the preservation of the 
spherulitic growth, also appears to require an agency 
to restrict independent basal-plane growth in relation 
to c-axis growth (see p. 361). 

It is possible that conditions are different at small 
nucleating particles; the deformation of the interface 
may be small if the entire surface of the particle is 
rapidly coated with a thin layer of graphite. 

Figures 47a and b demonstrate that discontinuities 
in the radial texture of a spherulite may arise from 
irregularities in the shape of the nucleating particle. 
Wittmoser! has suggested that similar discontinuities 
may be due to relief effects appearing after polishing 
when the spherulites are sectioned below their centre. 
This feature requires further investigation. 

The necessary requirements for the formation of 
a graphite spherulite, with its characteristic radial 
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texture, during the annealing of white cast iron 
appear to be: 
(i) A mechanism by which graphite is nucleated 
and the nucleus grows into something equivalent to 
a flake curving back into itself, or a number of 
curved flake units co-operating in this manner. The 
most likely way for this to be accomplished would 
appear to be the oriented nucleation and growth 
around a particle which has been demonstrated to 
exist and probably involves, even at an early stage, 
a‘favourable growth-rate relation for independent 
growth. 
(ii) The preservation of this favourable growth- 
rate relation during subsequent growth. 


The tendency for graphite to be nucleated at, and 
to grow along, phase boundaries of several kinds was 
pointed out on p. 360. It is possible, therefore, that 
any type of particle could act as nucleating particle 
for a spherulite, so long as condition (ii) is satisfied, 
Manganese sulphide inclusions in white cast irons of 
low S: Mn ratio are known to ‘nucleate’ graphite 
flakes* but not spherulites, possibly only because 
condition (ii) is not satisfied. 

On the other hand, in iron No. 7 visible cove par- 
ticles in spherulites formed at 900-1000° C. were 
generally iron sulphide and not manganese sulphide, 
although many inclusions of the latter were present. 
This fact, however, may be connected with a difference 
in the non-equilibrium composition of the adjacent 
matrix, rather than with the type of sulphide. The 
question whether specific qualities are required for 
the nucleating particle of a graphite spherulite there- 
fore remains unanswered. Although, in the present 
work, sulphide core particles were often found in 
spherulites, most sulphide inclusions present remained 
free from graphite during annealing (cf. Morrogh®*), 
and the observations made do not assist in explaining 
this fact. 

Growth of graphite in cementite, examples of which 
have been shown both for spherulites and for flakes, 
demonstrates that self-diffusion of iron and of alloying- 
element atoms may take place in cementite in the 
same way as in austenite. 

Apart from temperature, the main variables which 
were found to affect the type of graphite aggregate 
formed during annealing were the S : Mn ratio of the 
iron and the hydrogen content of the surrounding gas. 
By selecting a sufficiently high 8 : Mn ratio and/or 
hydrogen content for a certain annealing temperature, 
wholly spherulitic graphite could be produced. 

It is concluded that, under the conditions of 
the present investigation, a sufficient reduction in 
the rate of growth of graphite in the basal-plane or 
a-axes directions, relative to the rate of growth in 
the c-axis direction, is probably required for spheru- 
litic growth, and it is suggested that the presence of 
a sufficient concentration of sulphur and/or hydrogen 
atoms at the growing graphite surface, in all stages 
of growth, is probably responsible for this reduction, 
in some way yet to be explained. 


SUMMARY 


(1) Specimens from a series of white cast irons 
containing approximately 2-6% of carbon and 1% of 
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silicon, and with varying (mainly high) S : Mn ratios 
(1-0-2-9), were annealed at temperatures in the range 
900-1150° C., mostly in atmospheres composed of 
nitrogen and hydrogen in definite proportions, and 
were then generally quenched in brine. 

The gradual changes in microstructure which 
occurred during annealing at different temperatures, 
as affected by the composition of the iron and of the 
surrounding atmosphere, were followed by examining 
the quenched specimens. 

(2) On annealing any one of the irons studied in 
nitrogen at 1100°C., the graphite formed finally 
assumed the configuration of dispersed flake aggre- 
gates or nests. Each aggregate appeared to have 
developed by repeated branching from one or possibly 
from a few flakes. 

(3) The effect of increased S: Mn ratio, and/or 
increased hydrogen content of the surrounding 
atmosphere, was first to increase the compactness of 
the aggregates and to change the shape of the graphite 
units forming those aggregates into equi-axed par- 
ticles, and finally to cause only spherulitic graphite 
to form. 

Thus, for irons with S: Mn ratios in the range 
1-0-2-9, the type of graphite aggregate formed on 
annealing at a certain temperature could be altered 
from 100% non-spherulitic to 100%, spherulitic by 
increasing the hydrogen content of the atmosphere 
from a lower critical value, Hin, to a higher, Hinax. 
The critical hydrogen contents decreased with increas- 
ing S:Mn ratio and with decreasing annealing 
temperature. 

Under certain favourable annealing conditions, the 
original hydrogen content of the iron appeared to be 
sufficient to cause graphite spherulites to form. An 
iron with S: Mn = 0-2, on the other hand, after 
annealing in pure hydrogen at 1100° C., showed only 
non-spherulitic graphite. 

(4) For irons of higher S : Mn ratios, inclusions of 

both iron sulphide and manganese sulphide, often 
combined to form duplex inclusions, were present in 
the specimens as cast. Annealing affected the consti- 
tution and shapes of those inclusions in the following 
way. 
With increasing annealing temperature, up to the 
solidus, the relative amount of iron sulphide de- 
creased, presumably as more FeS went into solution 
in the manganese sulphide. With increasing tempera- 
ture and duration of annealing, both types of inclusion 
became more rounded within an austenite grain and 
lenticular when at a grain boundary. When in contact 
with another solid phase, such as cementite, silicate, 
or graphite, they often showed a tendency to flow 
out on to the surface of the latter phase. 

(5) At temperatures above about 1100°C. the 
quenched specimens showed evidence of melting, a 
eutectic constituent consisting of austenite, cementite, 
and iron sulphide being present in amounts increasing 
with temperature. In iron No. 7, with S : Mn = 2:9, 
globules of a sulphur-rich liquid were also present in 
the range 1110-1130° C. 

From the microstructures obtained it was con- 
cluded that any solid iron sulphide present disap- 
peared when liquid began to form, whereas the 
manganese sulphide remained as solid inclusions up 
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to at least 1150° C., the amount decreasing by disso- 
lution as the temperature was raised. 

(6) In irons of higher S : Mn ratios, a precipitate 
of fine particles, mainly consisting of sulphide, could 
be observed in the austenite after annealing for a 
sufficient time depending on temperature. When the 
annealing time was prolonged the particle size 
increased by coalescence. To explain the precipita- 
tion, the austenite formed on solidification was 
assumed to have been supersaturated with respect to 
sulphide. 

(7) In irons with S : Mn = 1-3-2-9, the manganese 
sulphide inclusions in specimens annealed at tempera- 
tures between 550° C. and the solidus, and thereafter 
quenched, were subdivided into or contained aniso- 
tropic discs or rods in Widmannstatten arrangement. 
It was concluded that manganese sulphide containing 
a sufficient content of FeS in solution, on quenching 
from a high temperature to room temperature, under- 
goes a diffusionless transformation. With increasing 
annealing temperature above the solidus this feature 
gradually disappeared, probably owing to decrease in 
FeS content. 

(8) During the examination of spherulitic and non- 
spherulitic graphite in their early stages of develop- 
ment, although the starting point in most cases could 
not be determined, favoured nucleation sites for both 
types were found to be interfaces between iron 
sulphide or manganese sulphide on the one hand and 
austenite, cementite, or liquid metal on the other. 
In addition, graphite flakes also showed a tendency 
to form at interfaces between austenite on the one 
hand and cementite or liquid metal on the other. 
By examination in polarized light under suitable 
conditions, the young graphite units in such cases 
were observed to grow along the interfaces, which 
were generally curved, with preserved local coinci- 
dence between the basal plane of the graphite lattice 
and the interface. It is assumed that the tendency 
for curved or cupped growth, which is a well-known 
feature observed in graphite flakes generally, is due 
to the growing basal-plane edge being thin and thus 
liable to deviate from the plane shape on slight provo- 
vation. The interface combinations referred to appear 
to offer favourable conditions for such growth. 

(9) Growing graphite (spherulite or flake), on en- 
countering a sulphide or cementite particle, has some- 
times been found to cause a new graphite unit to be 
formed, the basal plane of its lattice conforming to 
the particle surface. 

In other cases, spherulites as well as flakes were 
observed growing indiscriminately in austenite and in 
cementite. Often, during such growth, an intervening 
layer of austenite formed between the growing 
graphite and the retreating cementite. 

(10) During annealing in a_nitrogen—hydrogen 
atmosphere, with a hydrogen content intermediate 
between Hmin and Hmax (see paragraph (3)) for 
the particular S : Mn content of the iron, spherulites 
at a certain stage of growth were sometimes observed 
to develop into nests, and also nests were found which 
gradually developed into spherulites. 

(11) The evidence presented appears to point to 
the conclusion that sulphur and hydrogen in solution 
retard the growth of a graphite crystal in the basal 
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Table III 
COMPOSITIONS OF WHITE IRONS CONTAINING MAGNESIUM 





























Iron | cy | sim | Mm% | P.% s,% | cu% | NE% | Me % Source 

10 2-11 0.74 0.26 0-038 0-059 1-94 0-19 Foundry Lab., Mech. 
.. Eng. Industries 

13 2-25 1-31 0.047 0.051 0-015 0-52 is 0-023 Overum 




















plane or a-axes directions, relative to growth in the 
c-axis direction, thus altering the shape of the crystals 
from flakes to more or less equi-axed units and 
changing the dispersed flake nests into compact nests. 

(12) Under the conditions of the present investiga- 
tion, spherulites were often found to contain core 
particles consisting of iron sulphide or manganese 
sulphide. It is believed, therefore, that oriented 
nucleation at, and growth along, the surface of such 
a nucleating particle—as in paragraph (8)—was 
in most cases the first essential condition for a 
spherulite to be born. For the radial texture thus 
created to be preserved during further growth, the 
presence of an agency sufficiently retarding basal- 
plane growth appears to be a necessary second con- 
dition, as indicated by the evidence referred to in 
paragraph (10). 

To the extent that nucleation of graphite during 
annealing occurs at interfaces, there appears to be no 
difference between a spherulitic and a non-spherulitic 
nucleus. The relationship between the rates of growth 
in the a-axes and the c-axis directions would then 
determine the type of graphite aggregate formed. 

(13) Larger sulphide core particles in spherulites in 
different stages of development, as well as sulphide 
particles in contact with graphite flakes, were often 
found to have an irregular shape, whereas other 
sulphide particles within austenite grains, and present 
in the same specimen, were rounded. 

It is suggested that during growth of graphite along 
a sulphide surface, the latter may be deformed by 
stresses arising from increase in volume, and/or under 
the influence of difference in interfacial free energies. 
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APPENDIX 


Effect of Hydrogen on Type of Graphite 
Formed During Annealing of White Cast 
Iron with Added Magnesium 


Two irons, No. 10 and No. 13, with compositions 
as given in Table III, were prepared as 25- and 50-kg. 
melts, respectively, in H.F¥. furnaces and cast into 
20-mm. dia. rods in green-sand moulds. Magnesium 
was added in the form of a Ni—Mg alloy and a Cu-Si- 
Fe-Mg alloy, respectively. 

As cast, both irons were white except for a slight 
amount of graphite present. In iron No. 13 this 
graphite was wholly spherulitic; in iron No. 10 it 
consisted partly of spherulites and partly of transition 
forms between irregular spherulites and aggregates 
of stocky flakes or possibly rods (Fig. 64a). 

Annealing experiments in different atmospheres 
were carried out with 3-mm. discs as described on 
p. 352. The results are given in Table IV. For both 
irons, hydrogen in the atmosphere promoted the 
formation of the spherulitic type of graphite during 
annealing, up to 1000°C. The effect was, however, 
much less pronounced than for the irons of high 
S:Mn ratio studied. Nests formed during the 
annealing of iron No. 10 at 1000° C. in nitrogen were 
often composed of flakes or rods with blunt edges, 
sometimes radially arranged (Fig. 646). 

At 1100°C. no effect of hydrogen was noted in 
iron No. 10. In this connection, the fast rate of 


Table IV 


RESULTS OF ANNEALING EXPERIMENTS ON 
WHITE IRONS CONTAINING MAGNESIUM 





























— —_—e Atmosphere Time Graphite, % 
10 1000 N, 1 hr. 60 
1000 51% N, + 1 hr. 70 
49°, H, 

1000 H, 2 hr. 90 

500 H, 1 hr. 
500-1000 H, 3 hr. 95 

1000 H, 2 hr. 
1100 N, 10 min. 70 
1100 H, 10 min. 70 
13 880 N, 16 hr. 70 
880 H, 12 hr 95 
1000 N, 1 hr 65 
1000 H, 2 hr. 90 

H, 1 hr. 
500-1000 H, 3 hr. 95 

1000 H, 20 min 
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graphitization of irons No. 10 and No. 13 should be 
noted. After annealing in nitrogen at 1000°C. for 
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of formed a microstructure of fine ‘ quench’ ledeburite, which contrasted with any ‘furnace’ structure formed during 

furnace cooling. The graphite-austenite constituent, of eutectic composition, of such furnace structures generally 
had the form of rounded rosettes ; its formation was associated with a characteristic cooling curve, and its fineness 
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by the microstructure of specimens quenched at this stage. 
In the irons studied, the appearance of the graphite—austenite aggregates, their composition, and their general 
manner of development, related to the cooling curves, indicate direct formation from the melt by eutectic reaction. 


Introduction 


HE question whether the graphite observed in cast 
T iron after solidification is formed directly from the 
melt or as a decomposition product of an initially 
precipitated solid carbide constituent has been the 
subject of experiment and discussion for a considerable 
time. For the primary graphite in hyper-eutectic 
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irons, and also for the normal coarse eutectic graphite, 
formation directly from the melt now seems to be the 
generally accepted mechanism. This is not so, how- 
ever, for the fine graphite, often referred to as under- 
cooled graphite,* nor for the spherulitic graphite 
produced during cooling under special conditions. 
Recently, the view that undercooled graphite must 
be the result of decomposition in the solid state of 
a cementite eutectic (ledeburite) first formed from the 





* Eash designates this as ‘ dendritic ’ graphite; because 
of the smallness of the graphite particles and of their 
spacing they effectively delineate the larger primary 
austenite dendrites in the structure. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





366 HULTGREN, LINDBLOM, AND RUDBERG: EUTECTIC SOLIDIFICATION IN CAST IRONS 


Table I 


COMPOSITIONS OF IRONS USED 
Relative Carbon 


Iron Cc, % Si, % Al, % Content S, 
A 3-90 0-70 bee 0-97 
B 3-35 1-68 “a 0-91 
cr 3-74 0-09 0-03 0-89 
D 3-12 0-01 0-03 0-66 


melt has been advocated, notably by Eash,1 who 
bases this claim essentially on his own inoculation 
experiments. An untreated melt, which solidified in 
a dry sand mould yielding fine graphite, gave a cooling 
curve showing an arrest at a temperature as much as 
30° C. lower than did the curve for the same melt 
to which an inoculant had been added, and which 
therefore solidified with the production of ordinary 
coarse graphite. The lower arrest temperature is 
considered by Eash to be evidence of ledeburite 
formation, since the eutectic temperature in the 
equilibrium diagram is lower for cementite than for 
graphite. Eash also reports that the duration of the 
arrest is somewhat longer in the untreated samples, 
where fine graphite appears. This is taken as further 
evidence that a ledeburite reaction occurs first, since 
experimental determinations of heat of fusion have 
been reported to yield higher values for white iron 
than for grey. Finally, Eash made cooling experi- 
ments with long, 1-in. thick bars, cast in sand moulds 
from the same untreated melts. A thermocouple was 
inserted in the bar near its centre. When the bar 
was left to solidify and cool completely in the mould, 
fine graphite could be seen in the microstructure. A 
similar bar was removed from the mould at a tempera- 
ture about 9° C. below the arrest, and was plunged 
into water; micro-examination showed this specimen 
to be white, with only a few points of fine graphite. 
Eash considers this to be proof that the fine graphite 
found in the undisturbed specimen was preceded by 
a cementite eutectic, and that this eutectic was the 
same as that which he observed in the quenched 
specimen. In the latter, however, the suggested 
decomposition to yield fine graphite is supposed to 
have been prevented by the rapid quench, except in 
a few small regions. 

Morrogh and Williams,” in their paper on graphite 
formation, emphasize the importance of the results 
of Eash, whose conclusions they entirely accept. They 
have made similar cooling experiments with melts of 
other compositions, and take these to verify Eash’s 
experimental results. The same method has been 
applied to nickel-carbon and cobalt-carbon alloys. 
Morrogh and Williams accept the theory of carbide- 
eutectic formation as the necessary preceding reaction 
in all cases where fine graphite is obtained. The fact 
that the observations, particularly those on the effect 
of carbide-stabilizing additions, lend themselves to 
an explanation along such general lines in all three 
systems is considered to be further confirmation of 
this view. Morrogh and Williams find it necessary 
to distinguish two kinds of ledeburite in cast irons, 
which show up differently in the microstructure. One 
of these is the type generally found in white irons; 
the second kind is acicular in appearance, and is held 
to be responsible for the formation of fine graphite. 
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The work described in this paper was undertaken 
to gain some insight into the processes responsible 
for the various structures commonly found in hypo. 
eutectic cast irons when examined at room tempera. 
ture directly after casting. The aim was therefore 
to study, under accurately controlled cooling con. 
ditions, the structures that develop in successive 
stages of freezing in the four common types of such 
iron, t.e., grey iron with coarse graphite eutectic, grey 
iron with fine ‘ undercooled ’ graphite, white iron, and 
mottled iron. 

Thi: , rogramme called for four series of experi- 
menis, one for each type of cast iron. The type 
desired determined the choice of composition of the 
melt, as well as the conditions of overheating and of 
heat extraction in the cooling chamber, for each 
series.* Individual experiments within any one series 
differed only in respect of the period for which the 


-sample was allowed to remain in the cooling chamber 


(i.e., the stage in the freezing sequence that the sample 
would reach) before furnace cooling was interrupted 
by quenching. Care was taken to make the quench 
so drastic that those parts of the sample that had 
not had time to react during furnace cooling would 
now react to form a ‘ quench structure,’ which could 
be distinguished without difficulty from the ‘ furnace 
structure,’ grey or white, characteristic of the parts 
that had reacted while in the cooling chamber. The 
quench structure, whenever quenching was successful, 
was always white. In one experimental run of each 
series, the freezing was allowed to continue to com- 
pletion in the cooling chamber. 

The limited range of the experimental material used 
should be evident, particularly when viewed against 
the large family of cast irons now in use. Only one 
member of each type is represented in this investiga- 
tion, and it is possible that the conclusions reached 
may not apply to all variants of hypo-eutectic cast 
iron. 


EXPERIMENTAL PROCEDURE 
Materials 


To ensure uniformity of the raw materials for the 
samples in each series, four melts A, B, C, and D 
were prepared in a H.F. furnace from spectro- 
chemically pure graphite, silicon with less than 0-1°% 
of impurities (other than iron and carbon), and iron 
containing 0:06% Mn, 0-01% P, 0-01% 8, 0-02% 
Sn, and < 0-01% each of Cr, Ni, Mo, Co, Cu. The 
melts were therefore essentially pure iron—carbon- 
silicon alloys, with small additions of aluminium in 
melts C and D. The compositions are given in Table I. 
The term Sg is the ‘ Sattigungsgrad ’ or ‘ degree of 
saturation ’ introduced by Heyn (see Hanemann and 
Schrader,‘ p. 9). This is defined as 


xe 

So = ——o_ 

93 — “Si 

4-28 - 
where xg and xg; are the percentages of carbon and 
silicon, respectively, and Sc = 1 for a eutectic melt. 
Each melt was cast, in graphite moulds, into 10-mm. 
dia. rods, all of which solidified white. From these, 





* Treatment in the cooling chamber will be referred 
to as furnace cooling. 
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Fig. 1—Melting furnace with cooling chamber 
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10-g. pieces were then cut for the individual melt 
samples. 


Apparatus and Method 

A vertical graphite tube furnace (Fig. 1) was used 
for melting the sample. Adjoining this at its upper 
end was a cylindrical cooling chamber into which the 
molten sample could be retracted for freezing at an 
accurately controlled rate of heat extraction. This 
chamber consisted of a heavy stainless-steel tube, of 
considerable heat capacity, maintained at a pre-set 
constant temperature of 500° or 900° C. in each cooling 
experiment. A current of nitrogen was maintained 
through the apparatus. The sample was placed in a 
small light crucible carried on a molybdenum frame; 
this was suspended from, and rigidly attached to, two 
parallel guide rods of molybdenum which could slide 
vertically through the stopper lid of the cooling 
chamber. The sample could thus be moved up rapidly 
from the centre of the tube furnace to a well defined 
position in the cooling chamber. The stopper, of soap- 
stone, also provided a rigid support for the main 
thermocouple, which was placed so that the hot 
junction dipped into the centre of the sample when 
this was in position in the cooling chamber. By this 
arrangement, the thermocouple and insulation were 
saved from the detrimental effects of prolonged con- 
tact with the molten sample at the high temperature 
of the main furnace. For rapid and accurate response 
the couple and insulation had to be thin, and various 
types were tried. The type finally adopted consisted 
of a hairpin of 0-1-mm. dia. Pt/Pt-Rh wires, com- 
pletely covered by a quartz sleeve with an outer dia. 
of about 0-3 mm. The greater part of the e.m.f. was 
balanced out by a constant compensating voltage, so 
that the full range of the light spot of the fast galvano- 
meter corresponded to about 300°C., and 0-7 mm. 
on the scale was equivalent to 1°C. The spot was 
arranged to play from below, along the edge of a 
stationary glass ruler, passing through transparent 
paper placed on a horizontal glass table which moved 
at constant speed under the ruler. The temperature/ 
time curve for each experiment was then recorded by 
following the light spot with a pen that moved along 
the edge of the ruler. This device facilitated the 
accurate interruption of furnace cooling by quench 
at a point selected by reference to the cooling curve 
of a previous experiment. A separate Pt/Pt—Rh 
thermocouple, which in this case could be of a sturdier 
construction, was inserted from below to the centre 
of the furnace, as an aid in establishing reproducible 
conditions of melting and overheating before cooling. 
Constancy of cooling-chamber temperature was 
ensured by a chromel-alumel couple, riveted to a 
recess in the stainless-steel wall. 

Quenching was at first effected by releasing the 
crucible from its suspension in the cooling chamber 
and permitting it to fall freely through an opened 
shutter at the lower end of the tube furnace into a 
pail of water. This did not provide for quite the high 
quench rate that was desirable, as micro-examination 
of sectioned samples showed. In the method finally 
adopted, the entire stopper construction, with its 
attached molybdenum frame, crucible, and thermo- 
couple, was lifted out of the cooling chamber and the 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





368 HULTGREN, LINDBLOM, AND RUDBERG: 


Table II 


COMPOSITIONS OF SAMPLES REMELTED IN 
ALUMINA CRUCIBLES 


Specimen No. 0 1 2 3 4 5 6 7 
c,% 3-63 3-60 3-63 3-64 3-59 3-61 3-58 3-65 
Si, % 1.49 1-52 1-47 1-54 1-43 1-49 1.44 1.48 


crucible end was plunged into the quench liquid, 
which was vigorously stirred. 


Preliminary Experiments 

Before the main experiments were undertaken, it 
was considered prudent to make preliminary studies 
to establish suitable conditions of operation and to 


make sure that sufficient precision and reproducibility. 


within each series had been attained. The following 
factors received special attention: stability of sample 
composition during the test, temperature and dura- 
tion of overheating of the melt, accuracy of tempera- 
ture recording, and quenching efficiency. 

The fused quartz crucibles first used were found to 

react with the melt, increasing its silicon content, and 
alumina crucibles were therefore adopted. Seven 
specimens from the same melt were remelted separ- 
ately in such crucibles, held at 1500° C. for 5 min., 
and then allowed to cool with the furnace. Subsequent 
analysis gave the results listed in Table II. The 
original composition, before remelting, is included 
as ‘0.’ 
It is clear that the composition of this iron did not 
change appreciably during remelting. With the low- 
silicon irons such as melts C and D, however, a slight 
reaction with the alumina occurred; this produced 
carbon monoxide bubbles, which tended to adhere to 
the crucible wall. The attendant change in composi- 
tion of the sample must have been negligible, but the 
bubbles were liable to reduce the efficiency of the 
quench. The addition of 0-03% of aluminium to these 
irons (see Table I) should prevent this reaction, and 
no evolution of gas could be detected after this 
addition had been made. In spite of the change to 
alumina crucibles there is still some silica in contact 
with the melt, viz., the thermocouple sleeve. How- 
ever, the contact surface is very small and it remains 
at high temperature for only a few seconds. 

Different temperatures and holding times were 
tried for the overheating of the molten sample before 
it was removed to the cooling chamber. Treatment 
at higher temperatures appeared more liable to be 
followed by erratic behaviour in freezing. From this 
survey, holding for 10 min. at 1300°C. was finally 
chosen as the procedure that gave the most uniform 
results. 

To find a suitable thermocouple construction com- 
parative tests were made by rapidly inserting the 
couple in a furnace at 1150° C. and noting the time 
required for it to record a temperature within 10° C. 
of the furnace temperature. The arrangement adopted 
appeared to react as fast as the galvanometer, which 
had a 2-sec. period, would permit. Further tests were 
made with a 10-g. cast-iron sample and a 10-g. copper 
sample, each of which had been allowed to solidify 
in the cooling chamber; a thermocouple, dipping into 
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the melt in the usual manner, had been frozen into 
the centre of each sample. Each was then repeatedly 
taken through a cycle of heating to 900° C. followed 
by the normal drastic quench, during which the tem. 
perature/time curve was recorded. Even with this 
high rate of heat extraction, corresponding to tem. 
perature reductions of more than 50° C./sec., the 
pearlite arrest was very clearly indicated in every 
curve for the iron sample, whereas the curves for 
copper showed no change of slope in the same region, 
Whilst these results gave some confidence in the 
accuracy of the measuring device adopted, it seemed 
of interest to investigate how far the temperature 
thus registered represented the specimen as a whole, 
and what temperature differences might exist between 
macroscopic regions within the sample during a cooling 
experiment. A test was therefore made with a cast- 
iron sample using a differential thermocouple instead 
of the ordinary type, one junction being at the centre 
of the sample and the other being close to the wall 
of the crucible. When this sample was subjected to 
a regular freezing sequence, no temperature difference 
could be registered within the entire temperature 
range of solidification in the cooling chamber, which 
was kept at 500°C. During the subsequent quench, 
however, a momentary swing was observed, indicating 
a difference of 20-30° C. 

As has been mentioned, several methods of quench- 
ing were tried and different liquid coolants were 
tested, to obtain a sufficiently high quench rate. 
The importance of this is demonstrated by the 
following experiments, made with specimens of iron 
A. Figures 2a and b show the cooling curve and 
the structure obtained when, after the melt had been 
allowed to freeze partially in the cooling chamber, the 
crucible was immersed in tap water, without stirring. 
Figures 3a and 6 give the corresponding results for 
a similar experiment in which the crucible was 
immersed, with stirring, in a 5% NaOH solution. 
These micrographs represent central parts of the 
specimens; unless otherwise stated, this also applies 
to the other micrographs in this paper. The cooling 
curve of Fig. 2a is repeated as a broken line in Fig. 3a. 

The two cooling curves are practically identical up 
to the point of quenching (indicated by an arrow). 
After this point, the distinguishing feature is the 
quench rate, which is lower in Fig. 2a than in Fig. 3a. 
Before quenching, while the sample remained in the 
cooling chamber, austenite dendrites and some 
graphite in austenite have formed, under conditions 
of furnace cooling. In both cases the microscopical 
sections show, beside the dendrites, rosettes* of what 
is generally accepted as coarse graphite eutectic in a 
matrix of ledeburite. In Fig. 2b a thin rim of very 
fine graphite and austenite is present around the 
circumferences of the rosettes. This rim is absent in 
Fig. 3b, where the quench rate was high. It may be 





* The name ‘ rosette’ has been used by Hanemann 
and Schrader‘ and by Boyles.* It is adopted here for 
the section of a ‘rosette body,’ a unit of graphite— 
austenite, coarse or fine, which is characterized by nearly 
spherical symmetry of its outer shape and of the distribu- 
tion of coarseness of its graphite. The individual graphite 
particles in such a unit often exhibit a preference to line 
up in approximately radial directions from the centre, 
although this tendency is not always apparent. 
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concluded that the rims in the first experiment did not 
develop during furnace cooling and therefore do not 
belong to the furnace structure, but that they had 
time to form in the early part of the water quench, 
as a result of the insufficient rate of heat extraction 
(steam cushion, cf. Boyles*). In Fig. 3b, on the other 
hand, the high quench rate prevented rim formation, 
and the furnace structure is in immediate contact 
with the normal quench structure, ledeburite. This 
will be termed quench ledeburite, in view of its origin. 

Quenching in molten tin at 250° C. was also tried. 
The efficiency of this was proved by the complete 
absence of fine rims in the corresponding microscopic 
sections. However, since quenching in NaOH solution 
with stirring gave satisfactory results and was simpler 
to arrange, this method was used in the main experi- 
ments. Measurements indicate that the quench rate 
so obtained was about 100° C./sec. over the signifi- 
cant temperature range. 


EXPERIMENTAL RESULTS 

Iron A—Coarse Graphite Eutectic 

After overheating by the standard procedure, 7.e., 
for 10 min. at 1300° C., the crucible was transferred 
to the cooling chamber, which was maintained at 
500° C. Figures 5 and 4a-d show the cooling curve 
and resulting structures (at the centre of the specimen, 
at a point half-way to the surface, and near the surface 
of the specimen) for a specimen allowed to complete 
its solidification in the cooling chamber, 7.e., furnace 
cooled. The specimen was not removed from the 
cooling chamber and quenched until its temperature 
had reached 950°C. The cooling curve shows a 
retardation at about 1125° C., followed by a minimum 
near 1115°C. It then rises to a broad maximum at 
about 1130° C., and again falls, slowly at first down 
to about 1110°C., after which a fairly steep and 
constant slope prevails. There is definite evidence 
that the retardation at 1125° C. indicates the begin- 
ning of austenite formation. The dendrites, however, 
are not discernible as such in the structure of the 
furnace-cooled specimen (Fig. 4a). As will be demon- 
strated, the portion of the curve containing the 
minimum and the subsequent broad maximum 
represent the reaction in which the graphite eutectic 
is produced. The main part of this eutectic is coarse 
(see Figs. 4a and 6) and usually appears grouped in 
rosettes, with the graphite flakes very roughly 
oriented outwards from a centre within each such 
formation. In this case the rosettes attain diameters 
of about 0-3 mm. Their distribution is such that they 
occupy about 50% of the area of a section at the 
centre of the specimen, and their density increases 
with the distance from the centre until, at about two- 
thirds of the distance to the specimen surface (Fig. 4c), 
the field appears compactly filled with rosettes. 
Adjacent to the surface there is a layer, of thickness 
of the order of one rosette diameter, where solidifica- 
tion appears to have been influenced in a special way 
by the crucible wall; this layer will be disregarded in 
this paper. In the inner parts of the section, the 
rosettes are found to have rims of finer graphite 
austenite structure (Fig. 4a). A considerably finer 
graphite—austenite, with no obvious connection with 
the surrounding rosettes, fills the space between the 
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latter; Fig. 4d shows such a region, with a coarse 
rosette, with its rim, on the right. Within this very 
fine graphite—austenite two rosette-like units can be 
seen, a very small one and a somewhat larger one 
above it; the fineness of the graphite in both corres- 
ponds to that in the rims of the coarse rosettes. For 
the upper one, the possibility cannot be excluded that 
it represents a section through the periphery of a 
normal rosette body with rim. The small one, how- 
ever, could be a central section through a small 
rosette body. Such small rosette bodies, the normal 
rosette rims, and the very fine graphite—austenite 
between the rosettes are believed to have been formed 
in the later stages of cooling, corresponding to the 
slope well past the maximum in Fig. 5, at tempera- 
tures below that of the early minimum. It should 
be added that in Figs. 4a-d the matrix in which the 
graphite appears embedded consists solely of mar- 
tensite with some retained austenite. 

This interpretation is substantiated by the results 
obtained with two further specimens treated in 
precisely the same way, except that the furnace 
cooling was interrupted by quenching at predeter- 
mined points, one just after the minimum and the 
other slightly past the broad maximum of the cooling 
curve (Fig. 5) for uninterrupted furnace cooling. The 
cooling curves for each case are given in Figs. 6a and 
7a; Figs. 66 and 76 show the corresponding micro- 
graphs. In Figs. 6a and 7a the curve for uninterrupted 
cooling has been reproduced as a broken line, to 
indicate the position of quench and also the degree of 
reproducibility attained. Evidently, in both the 
samples subjected to interrupted cooling, unchanged 
parts remained that had not reacted up to the moment 
of interruption. The sudden increase in the rate of 
heat extraction has forced these parts to form a 
characteristic quench structure of fine ledeburite, and 
has thereby clearly brought out the contrast between 
these remaining parts on the one hand and the 
austenitic dendrites and the rosettes of graphite 
eutectic, both formed during furnace cooling before 
the quench, on the other. The scalloped shape of the 
graphite eutectic units will be discussed later. There 
is generally a clear distinction between the primary 
dendritic austenite and the austenite of the graphite 
eutectic (Figs. 66 and 7b). No rims of finer graphite— 
austenite can be detected at the reaction front of the 
eutectic 10settes. 

In general, the centres of the rosettes in these coarse 
graphite specimens do not appear to be finer than 
the rest, although the number of sharp turns and 
branches is frequently higher near the centre. Experi- 
ments with melts of compositions other than that of 
iron A have, however, yielded coarse graphite rosettes 
in which the centres, produced near the minimum in 
the cooling curve, are of a finer texture. 


Iron B—Fine ‘ Undercooled ’ Graphite 


The same conditions of overheating and of tempera- 
ture of the cooling chamber were used as with iron A. 
The difference in composition between these two irons 
accounts for the differences exhibited by the cooling 
curves and by the structures formed during cooling. 

Figure 8a shows the cooling curve obtained when 
freezing is allowed to continue to completion in the 
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cooling chamber; Fig. 8b shows the corresponding 
structure at the centre of the specimen. Iron B has 
a lower relative carbon content than iron A (Table I); 
the formation of primary austenite therefore occupies 
a greater portion, and formation of the fine graphite— 
austenite constituent a correspondingly smaller por- 
tion, of the cooling curve. The minimum in the cooling 
curve occurs after the reaction that is responsible for 
the graphite observed has set in; this minimum is 
near 1125° C. and the subsequent maximum is slightly 
below 1140° C. As is seen in Fig. 86, this reaction has 
produced a characteristic rosette constituent of 
graphite—austenite. The number of rosettes per area 
of section shows the same variation within the sample 
as was found for the coarse rosettes in iron A, and 
is lower in the central part. The centre of each rosette 
consists of finer graphite than that in the more peri- 
pheral parts, which is of medium coarseness. Finally, 
as was the case for the ordinary graphite eutectic in 
Fig. 4a, the graphite in those regions which were 
presumably the last to be reached by the reaction, 
i.e., the boundary regions separating neighbouring 
rosettes, is again fine graphite. This last feature is 
observed for sections in the centre of the sample, but 
not for the sections further out, which are thickly 
populated with rosettes. 

For two specimens, freezing in the cooling chamber 
was interrupted by quenching at predetermined 
points. Cooling curves for these, together with the 
curve for uninterrupted cooling, are shown in Figs. 9a 
and 10a; the corresponding structures are reproduced 
in Figs. 9b and 10b. Figure 9a appears to indicate that 
the formation of primary austenite was completed by 
the time the quench was applied, and a slight change 
in the direction of the curve shortly before quenching 
indicates that the graphite—austenite reaction has just 
begun. This is confirmed by Fig. 9b, where dendrites 
occupy a major part of the section and small areas 
of the fine graphite—austenite constituent can also be 
seen. The irregularities of contour in the young 
rosettes at this early stage of their growth are 
obviously due to the fact that the material available 
for reaction is subdivided into separate regions by 
the dendrites already formed. In the specimen which 
was quenched at a later point, this reaction during 
furnace cooling has progressed further, as is indicated 
not only by the corresponding part of the cooling 
curve (Fig. 10a) but also by the increased size of the 
rosettes (Fig. 10b). The graphite in the outer parts of 
the rosettes is now of medium coarseness. In both 
specimens the quench structure is a fairly fine lede- 
burite. Rims of fine graphite are absent in Fig. 100. 


Iron D—Cementite Eutectic, Ledeburite 


Overheating and cooling were carried out by the 
same method as for irons A and B, but the composi- 
tion of iron D had been chosen to provide for white 
solidification under these conditions. Figure lla gives 
the cooling curve for the specimen allowed to complete 
the freezing reaction in the cooling chamber. Primary 
austenite formation begins at about 1250°C. and 
continues with decreasing temperature until, at about 
1115° C., there is a sharp turn and the temperature 
rises abruptly to about 1135° C., remains at this level 
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for some time, and then rapidly decreases. The slight 
overshooting at the end of the steep rise may not be 
real, but may be the result of slight underdamping in 
the galvanometer circuit. Comparison with Figs. 5 
and 8a shows that the horizontal part of this cooling 
curve for ledeburite formation is at roughly the same 
temperature as the maximum found for irons A and 
B, where graphite-austenite rosettes resulted, and 
also that the rising part of the curve is much steeper 
when the product of the reaction is ledeburite than 
when it is coarse graphite eutectic (iron A) or fine 
graphite-austenite (iron B). This specimen of iron 
D was quenched from 1050° C. The structure at the 
centre of the specimen is shown in Fig. 115. It consists 
of dendrites and ledeburite, the latter of varying 
coarseness. The details of the finest portions are just 
resolved at this magnification. This ledeburite will 
be termed furnace ledeburite, as distinct from quench 
ledeburite. 

Figures 12a and b show the cooling curve and 
the resulting structure of a specimen treated in the 
same way but quenched before the cooling curve gave 
any indication of eutectic reaction and presumably 
before this reaction had started. The resulting quench 
ledeburite (Fig. 125) is of varying fineness, but is on 
the average distinctly finer than the furnace ledeburite 
of Fig. 11b. In the finest areas the quench ledeburite 
structure is not resolved at this magnification. It 
must be admitted, however, that the coarsest portions 
of Fig. 126 cannot, from microscopic examination 
alone, be definitely distinguished from furnace lede- 
burite. 

Figures 13a and 6 represent a similar specimen, 
quenched from a stage where the furnace ledeburite 
reaction was definitely in progress, as indicated by 
the temperature rise. A comparison of Fig. 136 with 
Figs. 116 and 126 leaves no doubt that the coarser 
ledeburite in this specimen is furnace ledeburite and 
the finer one quench ledeburite. It is evident that the 
former grows in units having the shape of irregular 
plates or rods. In this respect, ledeburite differs 
markedly from coarse graphite eutectic and_ fine 
graphite—austenite which, in hypo-eutectic irons, are 
found in units of characteristic rosette appearance (cf. 
Hanemann and Schrader‘). The dendrite structure of 
Fig. 136, which represents a section from an outer 
part of the specimen, appears somewhat finer than 
the corresponding structures in Figs. 11b and 12), 
from sections at the centre of the specimens. Figure 
14a, from the same specimen as Fig. 13), was taken 
in polarized light with crossed nicols and at a higher 
magnification. If any region of uniform cementite 
orientation is regarded as a single ledeburite unit, 
then on quenching existing units of furnace ledeburite 
continue as fine quench ledeburite with preserved 
cementite orientation. The boundaries where two 


different units of ledeburite meet are generally of 


irregular shape (Fig. 145). 


Iron C—Mottled Cast Iron 


This series received the same overheating treatment 
as irons A, B, and D, but the temperature of the 
cooling chamber was now fixed at 900° C., to give a 
lower cooling rate. 


APRIL, 1954 











oo 








0cz Sulsiys YIM ‘uONNTOS FORN °o¢ Ul poysuonb pur 0SZ 
Joquivyds Suloos ur poyrpryos Aypenaed uswisedg ‘p uosy—¢ “SIA 


poyojoun ‘ainjonays (q) poyojoun ‘ainjonayg (q) 





VAIN Surpoor (vp) 


dAIND Surpoop (vp) 


























Sullays yNoYyITM ‘193eM de} Ul payduenb puv 


Jaquivys Suljoos ur payipryos Ayjenaed usuipesdg ‘p uo] 


‘Sta 





Lindblom, and Rudberg 


[Hulten MN, 


pb. 370 


f 


jace 


[Lo 





235 “AWIL "285 °QWIL 
Or ofr O2 Ol Oo Ov of O27 Ol oO 
T T T T T T T T 
\ 
\ 
\ 
\ 
\ 
\ 
Le \ 4OOll - 40011 
\ 
\ = =o 
= = 
— ae) 
m mn 
2 D 
3 40S JOS = 
S a 
a z 
° . 
fay a 
& 4007! L 40071 
l } i i L CE 
BSSae@- MOvsesgsgeP ee LZwpstne pveeopma seo ees Se ee ge as , 
oO cam See 6&8 5 es sfc ce SSP SrSosHe erica = © seSmegteceezoq Ht NO Sm DS Om ote 2 
a oe BS a oe hae woe Se eT Sa SF ose = os Re OoyrPVSESR SHE HE SPOCTCRES ESF OSHSSBEO =2s 


Fig. 


_ 
GJ 


— 





peyie ‘Fem urOay ‘UU 


S 
. 
t ad 2% ‘ re NON G : 
* 2 , ‘ > A Y ior) 
SLL QF OS ‘ 34 
a % F ie 
/ * 4 ‘) x 
s . Nfs Aa 
4 mb 2 
" 
"i 


4 


msg ke iye 

* oe ~ 

mt ‘ oa Sa 
a AED 
AE: < rw 
J FS 


ym, and Rudberg| 


Hultgren, Lindbl 





150 


x< 


(d) Central part, unetched 


Specime - ~ 
¥ m completely solidified in cooling chamber 


250 


Tron A. 


Fis. 4 


(c) 0-5 mm. from wall, etched 


(a) 


(a) 

















1200 , : 
v 
@ItSOF 4 
2 
< 
[aa 
a 
2 WOOF 4 
e 
) To 2 se) 40 50 


O 
TIME, sec 


Fig. 5—Iron A. Cooling curve for specimen 
completely solidified in cooling chamber 














90 T T T 7 
v 
a! SOF 7 
‘< Sees «6 ee 
* 
5 |i\OOF Kf 
= \ 
x 
i — A 1 \ 
Oo lO 20 30 40 50 
TIME, sec. 
Fig. 6—Iron A. Specimen quenched just 
after minimum. (a) Cooling curve; 
(b) structure, etched x 250 














1200 T T 
u 
a 11SOF 7 
=> 
= a 
- 
= OOF % 3 
‘\ 
* 
\ 
1 1 1 1 \ 
te) iO 20 30 40 50 
TIME, sec. 


Fig. 7—Iron A. 
after maximum. 
(b) structure, etched 


Specimen quenched slightly 


(a) Cooling curve; 
x 250 





(b) 


[Hultgren, Lindblom, and Rudberg 












































120OF 4 
VU 
ea 
(a) 2. 
ZuwSOr <I 
[oa 
a 
> a aie 
= ; 
1!OOr 7 
10 20 30 40 50 
TIME, sec 
Fig. 8—Iron B. Specimen completely solidified 
in cooling chamber. (a) Cooling curve; 
(6) structure, etched 250 
100k \ 
rs) we 
(a) Sisop 
me 
< = Os 
fad - ~ 
$ 
W HOOF 
1 i | 4 
© 10 20 30 
TIME, sec 
Fig. 9—Iron B. Specimen quenched near 
minimum. (a) Cooling curve; (6) struc- 
ture, etched 250 
1200 a 
S) 
1 . 
W150 4 
(@) <= 
= 
< 
a 
= 1100 4 
= 
1 1 1 n \ 
oO 10 20 40 50 
TIME, sec. 
Fig. 10—Iron B. Specimen quenched near 


maximum. 
ture, etched 


(a) Cooling curve; (6) struc- 


«250 


Hultgren, Lindblom, and Rudberg] 


nae UN 
do ee 


i 


OF: 
\ i 
ene be |e 
ee 
: x 








: Tikes ‘ 


ips ki 


CTE i 





a ike 
NE, we 
evil Bh 4 { 





(a) 








TEMPERATURE... 


Tine 7 


TEMPERA 


O 


w 


8 


15¢ 


1Ov 





— ein, 


(b) 





(a) 


(a) 



































i250r 7 
1200 7 
rd 
Ee 
Buse : 
& |/SOP b 
& (b) 
= 
ee 4 
O iO 20 0 40 50 
TIME, sec. 
Fig. 11—Iron D. Specimen completely solidi- 
fied in cooling chamber. (a) Cooling 
curve; (6) structure, strongly etched 
T T eS ee 
$ 4 
= 1150} 4 (b) 
: 7 mae,” 
1OOF 4 
N 
\ 
\ 
O iO 20 30 40 50 
TIME, sec 
Fig. 12—Iron D. Specimen quenched before 
minimum. (a) Cooling curve; (6) struc- 
ture, strongly etched 100 
a eee \ ann wae T T T 7 
i J 
Bt eats % | 
| 5 (b) 
u i * 
, | 
’ ‘ 
a § | ‘ 4 
3 | | \. 
| | 
ae 
- a5 


Fig. 13—Iron D. Specimen quenched after 
minimum. (a) Cooling curve; (6) struc- 
ture, strongly etched 100 





(Hultgren, Lindblom, and Rudberg 








LA we ae a ee 
a - : io) 
a ke amare © ~ pt Y e2ow 
Dy SUNLWY3dW3L xb j ct 
fe a , SUNLVYIdW3L = 
S CO vs 
& 
AOQUIUYS Bupypoos uy pOYIPIHLOS Aporopduasos uowusoods - 
oor usutdeds payors ERE eae aan DET Oe ae 
! peyra (q) oor x usunndeds poysjoug (vp) 
‘ r yr 
yt Pal Su ty ! 'y 
. F . = ¢ 3 crow ra 
. \ vs 0°? 
™~ St RS “CEN y \e 
a e ‘ 
™ ’ . 
‘ 
23 4 a - L 
COE, a seen 
\ rat ahs z ete od 
x ry “he e ¥ ¢ -- 
> eR es wat + i 
At WEEE . % — 
e255 F &- ee 
“SN ‘ * > ‘ 
- ¥ « * . ‘ ’ 
- « > = 
a a . 
a. hs . . ‘ ~— 
— 
- + ern n ‘ ° allied = 
* « ¢ ™, 
a, ra a . x. s ) 
cere « eet F \ — 
“, * et > 
” ? . t\™ 
H » % > Noe SS 
co =) a "4 : $ ove = 
ae ; XN “ee = 
¥ es ¥ stipe Ae x > 
. rs 





: S[ODIU passo1d ‘yy ST] poziavjod ‘payoje ‘gq uoI]—FI “SIA 
nor x WIMNUITUIU s10jaq poyouenb usurtsedg (q) oor x umnuruyur 312332 paysuenb uaursedg (Dp) 


. alae 
As 
ct 


oo 


wnt 
‘*, 


’ 





Hultgren, Lindblom, and Rudberg} 









2 OO tT ' T T T 


























| 
o 
a (b) 
piSOr 4 
Si@e 
i S) Or 4 
és! O} 
1 1 1 1 i 
O IS 30 45 60 7S 9C 
TIME, sec. 
e. Fig. 16—Iren C. Specimen completely solidi- 
£ i fied in cooling chamber. (a) Cooling 
= 's curve; (6) structure, etched x 500 
: 
BA, Mm &. 
3 ? 
cé e 
g% a> 
ms . ag ae ¥ 
Na yt 
© o* ‘ 
° os » . 
; } ow eke We ot. (>) 
3 ¢ . “Cte 
: 200 Y 1 1 T T . . ‘ao 
1 SA 
: = \1SOF 4 ; me 
g F Sai ty , = 
t (a) a --~ PRK 
—) 6 OOF a " 50 
= c w | 
¢ : 1 A... 1 4 1 RS 
i O IS 30 45 60 75 90 
TIME, sec. 
9 
Fig. 17—Iron C. Specimen quenched after 
s beginning of gentle rise. (a) Cooling 
z curve; (6) structure, unetched » 100; 
(c) structure, etched » 500 
(c) 


(a) Unetched specimen 





(Hultgren, Lindblom, and Rudberg 








(b) 

















O 
oO 
5 w 
™ 
O 
r ~O 
2 
5 > 
“7 
Ke 
L O 
- 
' a 
f n 1 
O O O od 
O wn O 
oS = = 
"D“SUNIWYIdWI3L 
s 


Hultgre nN, ] inal lom, an 1 Rudbe rg | 
To face p. 371 





100 ; 
etched 


unetched 
structure, 


; (d) 


quenched soon after steep rise. 
structure, 
100 ; 


(6) 


Specimen 
etched 


Iron C. 
(a) Cooling curve 
structure, 


18 
250 


Fig. 


(c) 











i 
alloy 
suge 
at fi 
cons 
later 
stee] 
whic 
The 
and 
160 ¢ 
roset 
incre 
fine 
show 
shap 
coars 
burit 
part! 
The 
plain 
finer 

Fic 
simile 
rise 
increé 
in Fi: 
highe 
auste 
rupte 
fine, 
be se¢ 

Fig 
specir 
steep 
Figur 
unetc! 
centre 
showr 
relatic 
mens. 
in the 
Fig. 1 
in fine 
possib 
from 1 
parts 
than 1 
right, 
austen 
furnac 
tacted 
curvat 
variet: 
tion i 


The 
the the 
couple 
cooling 
peratu 
faithfu 
clusion 
further 


APRIL, 








HULTGREN, LINDBLOM, AND RUDBERG: EUTECTIC SOLIDIFICATION IN CAST IRONS ¢ 


The shape of the cooling curve for a specimen 
allowed to solidify in the cooling chamber (Fig. 16a) 
suggests that precipitation of austenite is succeeded 
at first by the formation of the graphite—austenite 
constituent, indicated by the gentle rise in the curve; 
later, ledeburite starts to form, as is indicated by a 
steep temperature increase to a constant level at 
which most of this constituent comes into being. 
The structure of this specimen is shown in Figs. 15a 
and 6, unetched and etched respectively, and in Fig. 
166 at a higher magnification. As in irons A and B, 
rosette distribution within the sample shows an 
increase in density from the centre outwards. The 
fine graphite-austenite rosette in Figs. 15a and b 
shows that this unit has a fairly regular spherical 
shape, with very fine graphite in the main part and 
coarser graphite at the periphery. The furnace lede- 
burite surrounding this rosette is partly coarse and 
partly rather fine, but resolved at this magnification. 
The structural details of the boundary are more 
plainly seen in Fig. 166, where the ledeburite is of the 
finer variety. 

Figure 17a gives the cooling curve for a specimen 
similarly treated but quenched after the first gentle 
rise in the curve, before the steep temperature 
increase could set in. The resulting structure is seen 
in Fig. 176, unetched, and in Fig. 17c, etched and at 
higher magnification. The contour of the graphite— 
austenite is very smooth, except where it is inter- 
rupted by dendrites. The graphite is generally very 
fine, but slightly coarser graphite may occasionally 
be seen at the periphery of the unit. 

Figure 18a shows the cooling curve for a similar 
specimen quenched at a later stage, soon after the 
steep second temperature rise had taken place. 
Figures 185 and c show the structure thus obtained, 
unetched and etched respectively. The rosette in the 
centre of these photographs is larger than the ones 
shown in Fig. 176, and this reflects the general 
relationship of rosette sizes found in these two speci- 
mens. The tendency for coarser graphite to appear 
in the peripheral parts of the rosettes is evident in 
Fig. 18b. In the surrounding ledeburite the contrast 
in fineness achieved by the high quench rate makes it 
possible to distinguish regions of furnace ledeburite 
from regions of quench ledeburite (Fig. 18c). Certain 
parts of the rosette periphery with a smaller curvature 
than the rest, particularly one clearly visible on the 
right, appear to indicate local contact of this graphite— 
austenite unit, while still in its period of growth, with 
furnace ledeburite. It should be noted that the con- 
tacted ledeburite, in all areas where such reduced 
curvature is observed, is of the typically coarse 
variety. This structure is shown at a higher magnifica- 
tion in Fig. 18d. 


DISCUSSION 

The preliminary observations on the response of 
the thermocouples, including the test with a differential 
couple arrangement, justify the assumption that the 
cooling curves reproduce the actual changes in tem- 
perature of each specimen during furnace cooling, 
faithfully and with sufficient accuracy to enable con- 
clusions to be drawn from their shape. This claim is 
further strengthened by the reproducibility obtained 
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for runs on different specimens within each series, up 
to the point of quench. 


The Possibility of Distinguishing Transformed and 
Untransformed Regions 

It will probably be accepted without further dis- 
cussion that the early upper part of each cooling 
curve, before the first change here ascribed to dendrite 
formation, represents the normal temperature drop 
of the liquid melt under given external conditions of 
controlled heat extraction. Any subsequent departure 
from the smooth extrapolation of this curve, in the 
nature of a retarded temperature decrease, indicates 
some reaction by which heat is released. The first 
departure, as shown, coincides with the onset of 
primary austenite precipitation; this is to be expected 
in all the irons studied, since they are hypo-eutectic. 
This reaction need not be further discussed here. In 
all cases of efficient quenching, a characteristic quench 
structure of fine ledeburite was obtained. When the 
quench was applied early in the cooling sequence, 
before the next change of slope after the commence- 
ment of dendrite formation, this quench ledeburite 
was found to fill out the space between the dendrites 
completely. With the quench applied at later stages 
in the cooling sequence, the space occupied by quench 
ledeburite became successively reduced, in favour of 
one or two of the following three 2-phase constituents: 
coarse graphite-austenite rosettes; fine graphite- 
austenite rosettes; or cementite—austenite rods, 7.e., 
ledeburite, of coarser appearance than the quench 
ledeburite. From this behaviour, which was repro- 
ducible without exception, it is concluded that the 
quench ledeburite found in any section of a specimen 
indicates the spatial distribution, at the instant of 
quench, of that fraction of the specimen matter which 
had not yet undergone a heat-producing reaction, but 
which in the absence of quench would subsequently 
have reacted to produce the furnace structure that 
was found after uninterrupted cooling for the series 
in question. Hence, the quench ledeburite represents 
the untransformed melt on which the various reaction 
products observed would have continued to feed, if 
the reaction had been allowed to proceed in the 
cooling chamber. 

The possibility that the quench ledeburite had 
existed as such at the moment of quenching seems 
to be out of the question, for two reasons: its fine 
structure requires a temperature of formation lower 
than that obtaining during furnace cooling; and the 
cooling curves show no indication of the release of 
heat, which could not have failed to be registered 
had the reaction taken place during furnace cooling. 


Correlation of Coarseness of Structure and Tempera- 
ture of Formation 
When the cooling curves and the associated micro- 
structures obtained in these experiments are com- 
pared, certain interrelated phenomena are found to 
recur consistently. These are: 

(1) The birth and growth of units of a eutectically 
composed graphite—austenite constituent, coarse or 
fine and always of a roughly spherical (rosette) 
shape, modified by pre-existing dendrites, has as 
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its counterpart in the cooling curve a gradual 
smooth change in direction; the temperature passes 
through a shallow minimum and then, if the reaction 
is allowed to proceed undisturbed, through a softly 
rounded maximum, without steep or level portions. 

(2) The birth and growth, during furnace cooling, 
of ledeburite as irregular rods or plates is accom- 
panied by a sudden and rapid temperature rise to 
a higher level which, if the reaction is allowed to 
proceed undisturbed, is then held with remarkable 
constancy for the greater part of the reaction. The 
cooling curve for the formation of furnace ledeburite 
unaccompanied by any graphite differs character- 
istically from the curves for those cases where the 
graphite—austenite constituent is found alone. 

(3) In all specimens containing graphite, i.e., the 
grey ones of irons A and B and the mottled ones of 
iron C, the graphite is not uniformly coarse or fine 
but varies in a characteristic manner, in close 
correlation with the temperature at which it makes 
its appearance. Within each rosette body in irons 
B and C the central part contains finer graphite 
than the zones nearer the periphery, which are 
formed only after the temperature has risen from 
its minimum. In specimens of irons A and B, 
which were allowed to solidify completely grey, 
there are regions between the ordinary rosettes 
which also contain graphite-austenite. As is shown 
by quench-interrupted parallel tests, the graphite 
in these regions does not make its appearance until 
near the end of the cooling sequence, when the 
temperature is comparatively low; this graphite is 
consistently finer than the graphite in the nearby 
peripheral zones of large rosettes, which has 
obviously been formed at a higher temperature. 
For the normal large rosettes, then, growth has been 
demonstrated to correspond to the rising part of 
the temperature/time curve, which soon levels off; 
the graphite is at first fine at the centre, and soon 
attains a coarser appearance (this was not definitely 
observed in iron A). Where material for further 
rosette growth is still available beyond the maxi- 
mum in the cooling curve and sufficient time is 
allowed at decreasing temperature, continued 
growth has been observed to produce rims of 
graphite, which becomes finer asthe radius increases. 
This growth in the direction of decreasing coarseness 
on a falling part of the temperature/time curve has 
also been observed for the small rosettes in furnace- 
cooled iron A; these units probably started to form 
after the temperature maximum had been passed. 
The correlation between graphite fineness and 
temperature of formation is clearly demonstrated 
by the experiments with a reduced quench rate 
(Figs. 2a and 6). The rims containing very fine 
graphite which surround the rosettes of coarse 
graphite eutectic were undoubtedly formed at a 
lower temperature than that at which the main 
body of the rosettes took shape. There seems to 
be no reason to regard these rims as anything other 
than true graphite eutectics, finer than the rest 
because of the lower temperature, in the early 
stages of quench, at which they were formed. 

(4) In specimens of quench-interrupted white 
solidification, two ledeburite constituents of differ- 
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ing fineness are found to divide the interdendritic 
field between them. Their relative amounts are 
such that the finer one must, on cooling-curve 
evidence alone, represent matter that has not vet 
been reached by the cooling-chamber reaction, and 
this is therefore called quench ledeburite. The bulk 
of the other constituent, the furnace ledeburite, is 
definitely coarser than the quench ledeburite in 
the same specimen; its temperature of formation, 
represented by the level portion of the cooling 
curve, is, of course, definitely higher than the tem. 
perature at which the quench ledeburite took shape, 
Thus, for this cementite eutectic also, the fineness 
of the structure is related to the temperature at 
which it came into being: the lower the temperature, 
the finer the ledeburite formed. It is true that, for 
ledeburite, this relation has not been demonstrated 
by microphotographs of furnace structures quenched 
from different reaction temperatures, as has been 
done for the graphite eutectic. To do this would 
be difficult, owing to the strong dependence on 
temperature of the ledeburite reaction rate, as is 
shown by the cooling curves for this reaction. 
Because of this, all but a very small fraction of the 
heat of reaction in the cooling chamber is evolved 
at the temperature of the level portion of the 
curve, @.e., nearly all the furnace ledeburite forms 
at that temperature. 


The Process of Rosette Formation 


In conjunction with the information obtained from 
the cooling curves, the relationship between fineness 
and temperature (points (3) and (4) above) provides 
an additional check on the results concerning the 
stage of the complex freezing process at which an 
observed constituent of the microstructure is formed. 
The decisive method for gaining information on this 
question is, of course, to prevent or cut short the 
reaction by quenching. The evidence so obtained 
strongly suggests that each graphite—austenite rosette 
develops from a centre at which the transformation 
first takes place. When this happens the temperature 
is comparatively low, a fact confirmed both by the 
cooling curve and by the fineness of the structure in 
the microsections. From this centre the transforma- 
tion then spreads continuously, the reaction at any 
moment taking place in a gradually expanding reaction 
zone, shaped roughly as a spherical shell. The process 
thus proceeds as a growth of rosettes. In the present 
experimental arrangement, the rate of heat extraction 
applied in the cooling chamber has been such that the 
temperature, once the rosette growth got under way, 
rose to somewhat higher values than at the start, 
resulting in a coarser structure (cf. Hanemann and 
Schrader,’ p. 34). In the irons which solidified grey, 


the temperature dropped again in the last stage of 


rosette growth, and the reaction has therefore pro- 
duced a finer structure. It seems very likely, although 
it cannot be established with certainty, that the 
graphite particles in such a rosette are not isolated 
particles but are linked together to constitute a 
single graphite body. This applies to all the speci- 
mens that yielded a grey-iron structure. No trace 
of furnace ledeburite was detected in this case, either 


in the microstructure obtained at various stages after 
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quenching, or in the shape of the cooling curves. The 
regular spherical growth of the rosettes seems to 
indicate that they feed on a constituent that fills 
the space between dendrites uniformly in these 
specimens. Quench interruption leaves this space 
completely and uniformly occupied by quench 
ledeburite. It is an undisputed observation that 
ledeburite forms directly from the melt, and there is 
ample evidence that this reaction is accompanied by 
considerable heat evolution. The reasons have already 
been stated why, on energy considerations alone, 
ledeburite cannot be the interdendritic parent matter 
on which the rosettes feed, in the grey specimens. 
This leaves as the remaining possible explanation that 
of rosette growth from the melt. 

The reactions producing graphite—austenite rosettes 
in grey specimens and cementite eutectic in white 
ones have characteristically different cooling curves. 
The mottled solidification investigated yields cooling 
curves of a rather complex shape. It is found that 
this same shape will result if the two characteristic 
parts from a ‘grey’ and from a ‘white’ cooling 
curve are arranged in tandem. This suggests that 
the two component reactions are not really simul- 
taneous but are largely separated, and this view is 
confirmed by the examination of the different 
quenched specimens in the mottled series. The 
evidence on this point seems quite conclusive; con- 
siderable amounts of graphite—austenite rosette buds 
have time to form before any furnace ledeburite 
appears. 

All the evidence gathered in these experiments is 
thus in harmony with the view, held by several of the 
earlier investigators in this field (Benedicks,> Hane- 
mann and Schrader,‘ and others), that the rosette 
constituent, whether coarse or fine, represents a unit 
of true graphite-austenite eutectic growing in an iron 
melt. From this standpoint the spheroidal shape is 
easy to comprehend, whereas it would seem more 
difficult to visualize a rod-shaped unit of ledeburite 
transforming into a spheroid of austenite and graphite. 
This must not be taken to exclude the possibility that, 
under suitable conditions of composition and cooling, 
a cast-iron melt can solidify to ledeburite and that, 
during subsequent cooling, a malleablizing reaction 
may then occur. If this were the sequence of reactions 
normally responsible for the formation of the fine 
graphite—austenite rosettes, however, it would be sur- 
prising to find so very little indication of this in the 
microstructure, for instance in the form of incom- 
pletely malleablized regions, lacking the rosette 
arrangement, as distinct from mottled ones (see Figs. 
15-18). The fact that the graphite observed is fine 
is in itself no proof that it originated in a malleablizing 
process, since the present experiments with mottled 
solidification have shown that such fine graphite is 
present in the cooling sequence before any furnace 
ledeburite appears. 

The manner of growth of the coarse type of graphite— 
austenite constituent can be studied in Figs. 6b and 
7b. The scalloped shape of the rosette results from 
the fact that each graphite flake grows outwards from 
the rosette centre as a fine wedge, sandwiched between 
two wedges of austenite (cf. Hanemann and Schrader, 4 
Fig. 165). Boyles* has suggested (p. 175) that the 
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growth of such graphite flakes involves diffusion of 
carbon through the surrounding austenite. That this 
must be so seems evident from Figs. 6b and 7b, where 
the flake a short distance behind the advancing edge 
has become covered by a layer of austenite before 
it has reached its full thickness. On the other hand, 
not all the carbon is transported through the austen- 
ite; the thin advancing spearheads appear to remain 
free from austenite and to feed directly on the melt. 
Strangely enough, Boyles postulates formation of 
carbide as an intermediate process during the growth 
of graphite by diffusion through the austenite, an 
assumption very difficult to support by microscopic 
evidence. 


The Work of Eash and of Morrogh and Williams 


As described earlier, Eash concluded from his 
cooling experiments that undercooled ‘dendritic ’ 
graphite is formed by decomposition of ledeburite. 
Morrogh and Williams were of the same opinion, but 
considered Eash’s experiments somewhat crude; from 
their own cooling experiments, however, they contend 
that Eash’s conclusion is entirely verified. The 
present investigation is essentially one of cooling 
experiments, and the conclusion is that the under- 
cooled graphite observed is not a decomposition 
product of ledeburite but is formed directly from the 
melt. It should be emphasized that this is not a case 
of conflicting experimental results. In the opinion 
of the present authors, neither the results of Eash 
nor those of Morrogh and Williams are definitely at 
variance with those recorded here; in fact, as far as 
they go, they are believed to fit into the picture 
arrived at in the present work. The difference is one 
of interpretation. This will be briefly illustrated by 
considering the main experiments on which Eash 
bases his claim. 

Eash shows that the cooling curve for an iron in 
which fine undercooled graphite is formed has an 
arrest some 15-30° C. lower than that in the curve 
for the same iron inoculated with ferro-silicon and 
thus giving coarse flake graphite. He points out that 
the equilibrium eutectic temperature is known to be 
higher for graphite eutectic than for cementite 
eutectic; the lower arrest temperature is therefore 
held to prove that cementite eutectic is formed on 
solidification in this case, and that the fine graphite 
results from a subsequent decomposition of cementite. 
From the results of the present work, on the other 
hand, it is quite natural to find that the graphite 
formed at a lower temperature is finer than that 
formed at a higher temperature, without a change in 
mechanism. The temperature at which a cooling 
curve levels off when a reaction occurs need not be 
the equilibrium temperature for that reaction, when 
arranged to take place reversibly, but must in general 
be lower and depends to a considerable extent on the 
rate of heat extraction imposed by the cooling con- 
ditions. A close approach to equilibrium temperature, 
uninfluenced by cooling conditions, can only be 
expected for those processes in which the rate of 
removal of reaction heat alone controls the speed of 
the reaction. This condition may obtain, in some 
cases, for the solidification of a pure substance, which 
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involves no compositional changes and no diffusion 
up to, or away from, the reaction front. 

Further evidence that the lower arrest in untreated 
samples indicates ledeburite formation is seen 
by Eash in the observation that this arrest is of 
longer duration than the eutectic arrest for inoculated 
samples, in which coarse graphite is formed. Data 
from other work are quoted, which claim that the 
heat of fusion is higher for white iron than for grey.* 
Be this as it may, the differences in length of the 
arrests tabulated by Eash are relatively small. The 
arrest in a cooling curve is not sharply defined at 
either end, which makes it difficult to tell the begin- 
ning and end of the reaction. The variation in form 
of the arrest adds to the difficulty of judging the heat 
evolved. This problem is aggravated by the absence 
of knowledge about the rate of heat extraction during 
solidification in the sand mould used by Eash; this is 
likely to be a rather complex function of time. 

On quench-interrupting the cooling of sand-cast 
uninoculated bars, Eash found cementite in the 
structure, whereas bars left to cool in the moulds 
contained fine graphite. Of two quenched samples, 
one was quenched above and the other just below 
what was considered to be the reaction arrest on the 
cooling curve. The latter was said to have a few 
very small points of graphite, which had formed after 
the quench, around some of the carbide grains. It 
is regrettable that the results do not permit distinction 
of furnace structure and quench structure; the 
structure quenched above the arrest is said to have 
been white, but a direct comparison with the structure 
obtained by quenching after the arrest would seem 
to be desirable. The reproduced cooling curve up to 
the quench cannot dispel a suspicion that solidification 
in the mould was incomplete in the latter case. 

However, it is not claimed that some malleablizing 
could not have produced fine graphite in Eash’s sand- 
cooled structures, where the published micrographs 
can scarcely be accused of betraying any rosette-like 
growth, otherwise so characteristic of fine under- 
cooled graphite. Although in the present investigation 
the composition and shape of the fine graphite— 
austenite constituent has not been invoked as proof 
of its origin in the melt, it seems proper, at this point, 
to emphasize some salient differences between the 





* The experimental evidence on this point in the 
literature is confusing. Some modern tables still quote 
the rather old determinations of heats of fusion which 
indicate a relatively large difference in the sense con- 
sidered by Eash, even though these heats of fusion are 
lower by a factor of 6 or 8 than the carefully measured 
values published by Umino.® The calculated difference 
in enthalpy between cementite and graphite—austenite 
at the eutectic temperature appears, from recent thermo- 
dynamic data, to be so small as to remain well within 
the limits of accuracy of these data. 


rosettes on the one hand and, on the other, the 
graphite in austenite which is produced intentionally 
in white iron by subjecting it to malleablizing heat- 
treatments. The bulk graphite content of a rosette 
is always that characteristic of graphite—austenite 
eutectic, 7.e., of the order of 3°%. In contrast to this, 
the graphite produced in malleablizing grows in units, 
often called nodules, containing flakes or, under 
certain conditions, nearly equi-axed particles, inter. 
spersed with austenite to an amount which exhibits 
considerable variation, but which never dominates 
enough to keep the bulk graphite content of the 
nodule as low as 3%. Such nodules do not have 
radial symmetry like the rosettes, except when they 
are spherulites, in which case the graphite content 
is 100%, or nearly so. In a rosette the c-axis of the 
graphite is mainly at right-angles to the radius, since 
the growth is edgewise and preferentially in a radial 
direction. In a typical nodule there is no such crystal 
orientation, as the graphite flakes do not radiate from 
a centre. In a spherulite the c-axis points along the 
radius, not at right-angles to it. 

In Morrogh and Williams’s paper? on their improved 
cooling-quench experiments, which are considered to 
establish beyond doubt the ledeburitic origin of fine 
graphite, Figs. 133 and 84 are presented as decisive 
evidence. The indication of a eutectic arrest in Fig. 
133, however, seems very faint. The assertion that 
the furnace reaction was complete, and that the 
graphite in the structure of Fig. 84 could not be 
responsible for the small arrest, is therefore uncon- 
vincing. This experiment fails to distinguish between 
furnace structure and quench structure. Conse- 
quently, the results cannot be considered to establish 
conclusively the origin of the fine graphite. 
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Undercooled Graphite in Cast Irons 


and Related Alloys 


By H. 


HE graphite phase in grey cast irons can be obtained 
T in the flake form, in the undercooled form, and as 

spherulites. The conditions necessary for the 
formation of these structures are well known, but the 
fundamental reasons for these modifications are not 
established. The view that the flake or lamellar form 
of graphite in grey cast iron forms as a hypereutectic 
or eutectic constituent directly from the melt seems 
to be widely accepted. It is, however, not easy to see 
why the graphite originating from a eutectic trans- 
formation should be so unlike a typical eutectic 
constituent in appearance. ‘The undercooled form 
of graphite presents even more problems. 

Kash, Morrogh and Williams,? and Owen and 
Street? have produced evidence to support the view 
that undercooled graphite is formed by the decom- 
position of a white-iron structure shortly after solidi- 
fication. The sequence of solidification involved is not 
easy to explain and is often questioned. The purpose 
of this paper is to develop the idea further and to 
deal with some misunderstandings that have arisen. 


INTERPRETATION OF COOLING CURVES 

Establishing the solidification sequence in under- 
cooled-graphite irons has involved taking cooling 
curves, generally on small ingots, and quenching these 
ingots from various temperatures before, during, and 
after the so-called ‘eutectic arrest.’ It has been 
assumed that there is a deposition of primary austenite 
dendrites before the eutectic arrest, that the start of 
the arrest corresponds to the start of eutectic solidifica- 
tion, and that the end of the arrest corresponds to 
the end of eutectic solidification. If this is completely 
true, quenching before the arrest should give a fine 
white-iron eutectic corresponding to the liquid solidi- 
fying during the quench. Quenching half-way along 
the arrest should give fairly coarse white-iron eutectic 
and/or undercooled graphite, corresponding to eutectic 
solidification occurring before the quench, and fine 
white-iron eutectic, corresponding to the eutectic 
solidification during the quench. 

Experience suggests that if undercooled graphite 
forms from a carbide phase it does so with great 
speed shortly after the carbide has formed. Thus, 
with the simple assumptions made, at least some 
undercooled graphite can be expected in ingots 
quenched at the end and during the arrest, unless the 
cooling of the sample is very rapid. The present 
authors have always found it necessary to avoid very 
slow cooling and to use very small ingots to demon- 
strate the formation of undercooled graphite from a 
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SYNOPSIS 


Undercooled graphite results from the decomposition of a carbide. 
some of which may be formed before the eutectic arrest. This 
carbide is hypereutectic in character, from which it derives its 
Undercooled graphite in high-silicon alloys 
The 
918 


acicular appearance. 
can form as a result of the decomposition of a silico-carbide. 
composition of the silico-carbide is discussed. 


carbide phase. The life of the carbide from which 
undercooled graphite is formed is not known. Appre- 
ciable carbide can only be retained in ingots quenched 
at the end of solidification if the time of solidification 
approximates to the life of the carbide. The slower 
the cooling rate is, the smaller is the amount of 
carbide remaining at the end of solidification. 

This simple interpretation of a cooling curve does 
not seem to apply to ingots giving undercooled 
graphite, as the following experiments indicate. 

A number of cooling-curve and quenching experi- 
ments were carried out using an iron—carbon alloy 
4 of carbon. 


prepared from high-purity iron with 3-3° 
The 6-g. ingots were melted in silica-crucible assem- 
blies as described in a previous paper.? The cooling 
curves obtained were reproducible and Fig. 1 shows 
a typical example. The eutectic arrest occurred at 
1136° C. Ingots were quenched from the following 
temperatures: 


Ingot 1: quenched from 1204° C. ) 
a 1157° C. | Before eutectic ar- 
ne 1146° C. rest 
4: 1139° C. J 
5: 1136°C Half-way along eu- 


tectic arrest 


Figure 2a shows the general structure of an ingot 
of this material slowly cooled through the eutectic 
arrest. The graphite is clearly undercooled. This alloy 
gave undercooled graphite for a wide range of cooling 
rates. Figure 2) shows the general structure of ingot 1 
quenched from 1204°C.; large primary dendrites 
deposited during slow cooling and fine eutectic 
corresponding to the quenched liquid can be seen. 
Figure 2c shows the general structure of ingot 2 
quenched from 1157°C.; in addition to the large 
dendrites and fine eutectic, there are also relatively 
large needles of carbide, of hypereutectic appearance, 
in the eutectic. Ingot 3 quenched from 1146° C. had a 
similar structure to that of ingot 2 but with slightly 
more carbide needles (Fig. 2d). Ingot 4, quenched 
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Fig. 1—Typical cooling curve for iron—carbon alloy 


from 1139° C., 7.e., just before the eutectic arrest, had 


the structure shown in Fig. 2e. In this case most of 


the eutectic areas have a coarse structure with well- 
developed needles of carbide as shown in Fig. 2e, but 
a few areas of fine eutectic occurred in this sample, as 
shown in Fig. 2f. Ingot 5, quenched from 1136° C. 
during the arrest, showed coarse acicular eutectic, 
some fine eutectic, and undercooled graphite, as 
shown in Figs. 2g and h. 

These results suggest that before the eutectic arrest 
there is a deposition of carbide in an acicular form 
resembling a hypereutectic deposition. The crystal- 
lization of austenite probably ceases when these car- 
bide needles begin to form, otherwise fine dendrites 
of austenite would be expected in the quenched liquid 
in Figs. 2c and d. This deposition continues until at 
the eutectic arrest some of this carbide begins to 
graphitize to give undercooled graphite. The eutectic 
arrest corresponds to the solidification of the remain- 
ing liquid and the graphitization of most of the carbide 
formed before and during the eutectic arrest. The 
fine eutectic shown in Figs. 2f and g corresponds to 
metal that was liquid at the time of the quench. 

In a previous paper? the present authors drew 
attention to the acicular appearance of the white iron 
from which undercooled graphite forms. The acicular 
appearance of the inverse chill found in irons con- 
taining undercooled graphite was also illustrated. The 
present results provide an explanation for the unusual 
appearance of this white iron and suggest a solidifica- 
tion sequence consistent with established ideas on the 
undercooling of eutectics. In eutectiferous systems 
undercooling can cause the appearance of the primary 
phases from each side of the eutectic in the same 
specimen. Some of the solidification sequences 
possible with this type of undercooling have already 
been discussed.2 In the case in question austenite 
dendrites are apparently deposited until the melt has 
a carbon content greater than the austenite-cementite 
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eutectic and a deposition of hypereutectic cementite 
occurs in characteristic needle-like form. The process 
by which the whole of the remaining liquid can be 
converted to aggregates of carbide needles, as with 
inverse chill and some areas of quenched ingots (Fig. 
2e), is not obvious. 

The present authors have shown? that some cooling 
curves, obtained on hypo-eutectic irons giving under- 
cooled graphite, have an inflection before the eutectic 
arrest which is quite distinct from the change in slope 
due to the separation of primary austenite. This 
inflection was clear and reproducible and began about 
10° C. above the eutectic arrest. The crystallization 
of the acicular form of carbide is clearly responsible 
for this inflection. 

Except when the ingot is completely white, the 
existence of carbides in an ingot quenched at the end 
of the eutectic arrest is not by itself proof that solidi- 
fication has taken place according to the metastable 
system and that graphitization occurs after solidifica- 
tion. For ingots quenched during the arrest, Owen 
and Street? argued that the carbide present is greater 
in amount than would be expected to form during 
rapid cooling. This presupposes that the time of the 
beginning and end of solidification of the eutectic can 
be accurately estimated from the arrest on the cooling 
curve. The present experiments indicate that some 
carbide solidifies before the arrest, so that this estima- 
tion is difficult, if not impossible. If carbide does 
form before undercooled graphite it should be possible, 
in an ingot quenched before the end of the arrest, 
to show areas of coarse carbidic eutectic formed before 
the quench and fine carbidic eutectic formed during 

) 


the quench. Examples of this are given in Figs. 2f 


and g. 

It is not suggested that all white iron—carbon alloys, 
iron—carbon-silicon alloys, and cast irons solidify by 
this mechanism. In fact, white irons with normal 
ledeburitic structures may be presumed to solidify 
normally without the deposition of carbide before the 
arrest and without undercooling. When a hypo- 
eutectic white iron is able to undercool to give acicular 
carbide of hypereutectic form it can transform readily 
to give undercooled graphite. It would seem that the 
hypereutectic carbide formed under such conditions 
is very unstable. This is perhaps not surprising, since 
normal hypereutectic carbide in hypereutectic alloys 
is very unstable and can only be retained by very 
rapid cooling or by the addition of relatively large 
amounts of carbide-stabilizing elements. It is con- 
ceivable, therefore, that the graphitization process 
leading to the formation of undercooled graphite is 
made possible by the extreme instability of the hyper- 
eutectic carbide phase. If, during the casting of normal 
white irons, undercooling occurs to give acicular car- 
bide in isolated spots, an abnormal tendency to 
mottling might occur. This tendency would be most 
pronounced in the most rapidly cooled portions, e.g., 
at the edges of a casting. 


GROWTH OF UNDERCOOLED GRAPHITE AREAS 


Ingots which are not cooled very rapidly and which 
are quenched during the eutectic arrest show areas of 
undercooled graphite surrounded by white iron, and 
the growth pattern of the undercooled graphite areas 
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(g) Ingot 5: quenched during arrest (coarse (h) Ingot 5: undercooled graphite area 
and fine eutectic) 


Fig. 2—Structure of alloy after various cooling treatments. 


Etched in alcoholic picric acid 


100 


[Morrogh and Williams 
[To face p. 376 





Fig. 3—({a) Growth outline and (6) boundary of undercooled graphite area. 


picric acid 


Fig. 4—Remnants of acicular carbide in under- 
cooled graphite. Etched in alcoholic 
picric acid «x 2000 
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Fig. 5—Carbides in quenched 6-0% Si alloy; heat-tinted in (6). Etched in alcoholic. picric acid 


Morrogh and Williams} 
To face p. 377] 


x 500 








is indi 
this. 

magni 
Howe’ 
betwee 
iron is 
to tak 
This r 
existe! 
of acic 
cooled 
betwee 
as sho 
the vi 
carbid 
bound 


UNDE 


Owe 
dispos: 
lateral 
of the 
the col 
no dis: 
tion t 
high-p 
it was. 
form : 
Howe\ 
diffrac 
lytical 
silic mn 
They « 
froma 
it was 

Mar 
and ir 
appeal 
disting 
respon 
With s 
new p 
decrea 
cemen 

Owe 
6-2-6: 
a crys' 
and in 
in allo: 
metall 
by X- 
than 6 
the cai 
3°14% 
cell dir 
indicat 
structu 

It is 
eviden: 
phase 
the cor 
point. 
cooling 
irons ¢ 


APRIL, 





(b) 


b) 





MORROGH AND WILLIAMS: UNDERCOOLED GRAPHITE IN CAST IRONS 


is indicated. Figure 3a shows a typical example of 
this. The undercooled graphite appears, at this 
magnification, to grow on a smooth spheroidal front. 
However, at higher magnifications the boundary 
between the undercooled graphite area and the white 
jron is seldom smooth and regular, and often seems 
to take its form from the carbide particles (Fig. 3b). 
This may be taken as further evidence of the prior 
existence of the carbide. Very occasionally remnants 
of acicular carbide may be found within the under- 
cooled graphite area some distance from the boundary 
between the undercooled graphite and the white iron, 
as shown in Fig. 4. This evidence tends to support 
the view that the undercooled graphite results from 
carbide decomposition and that the carbide at the 
boundary existed before the creation of the boundary. 


UNDERCOOLED GRAPHITE IN HIGH-SILICON 


IRONS 


Owen! and Hilliard and Owen® have discussed the 
disposition of the corners of the four-phase quadri- 
lateral corresponding to the peritecto-eutectic reaction 
of the iron—carbon-silicon system, and they indicated 
the composition of the carbon-rich phase as Fe,C with 
no dissolved silicon. This was based on the observa- 
tion that when ‘eutectic’ graphite formed in the 
high-purity alloys used it was always undercooled, and 
it was assumed that undercooled graphite must always 
form from the decomposition of cementite (FesC). 
However, Owen and Street? examined by X-ray 
diffraction the acicular carbide extracted electro- 
lytically from a quenched alloy containing 2-44°, of 
silicon and found it to be normal cementite (Fe,C). 
They did not examine the acicular carbide extracted 
from alloys of higher silicon content, but assumed that 
it was always Fe,C. 

Marles® has shown that in rapidly cooled cast irons 
and iron—carbon-silicon alloys a new carbide phase 
appears at about 2-7% of silicon which can be 
distinguished from cementite (Fe,C); cementite is 
responsive to heat-tinting but the new phase is not. 
With silicon contents above 2-7°% the amount of the 
new phase increases and the amount of cementite 
decreases until, at about 6-7-7-0% of silicon, the 
cementite is completely replaced by the new phase. 

Owen and Street,’ examining alloys containing 
6-2-6-7% of silicon, showed this new phase to have 
a crystal structure different from that of cementite 
and indicated that, although it was known to occur 
in alloys containing as little as 2-7% of silicon, from 
metallographic observations, it could only be detected 
by X-ray diffraction in the alloys containing more 
than 6-0°% of silicon. In earlier work Owen! examined 
the carbides extracted from alloys containing up to 
3:14% of silicon and failed to find any change in unit 
cell dimensions of the cementite. This was taken to 
indicate that silicon did not enter the cementite 
structure. 

It is clear from this summary that there is good 
evidence to suggest the existence of a silico-carbide 
phase in alloys having a composition at or near to 
the composition of the liquid at the peritecto-eutectic 
point. The present investigators have carried out 
cooling-curve and quenching experiments on cast 
irons containing about 6-0% of silicon which, on slow 
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cooling, gave undercooled graphite structures. Alloys 
quenched at or near the apparent end of the eutectic 
inflection always had some eutectic-carbide areas. 
Figure 5a shows such an area after normal etching in 
picric acid. The serrated outline of the eutectic area 
is very marked in these alloys. Heat-tinting showed 
that these eutectic areas consisted of cementite in 
acicular form with the silico-carbide in the interstices 
of the needles with spots of ferrite. Figure 5b) shows 
a heat-tinted structure: the cementite is the darkened 
constituent. The acicular appearance of this cementite 
suggests that it formed first, and this is supported by 
the irregular outline of the area. In this alloy the 
acicular arrangement of the cementite is analogous 
to the acicular constituent found in quenched alloys 
of lower silicon content. 

If undercooled graphite forms following the de- 
composition of a carbide, in an alloy such as the one 
illustrated in Figs. 5 and 6 the carbide may be in 
part normal cementite and in part the silico-carbide. 
Quenching experiments on irons containing 7-0° of 
silicon give only silico-carbide. 

If the validity of drawing an equilibrium diagram 
for the metastable iron—carbon-silicon system in which 
the eutectic alloys have undercooled graphite is 
assumed, it is clearly incorrect to indicate the composi- 
tion of the carbide phase as Fe,C. Cementite and the 
silico-carbide phase must appear, and as the silicon 
content increases beyond about 2-7°% the proportion 
of the silico-carbide phase must be shown to increase. 
This probably indicates that the accepted principles 
of isobaric phase diagrams cannot accommodate such 
a case. 

Owen and Street have produced good evidence to 
indicate that silicon is nearly insoluble in cementite 
and that the non-heat-tinting phase has a structure 
differing from that of cementite. The composition of 
the non-heat-tinting phase is of interest. The carbide 
phase in a number of iron—carbon-silicon alloys has 
been extracted chemically; the analyses of the residues 
obtained were as follows: 


Siin Alloy, Analysis of Residue Fe. 

% Fe, % C,% Si, % at.-% 
0-44 86-0 6°24 74°70 
0:74 92°11 6°67 ve 75°00 
4°88 88°62 5-10 2-80 715°5 
5°85 80-00 3*97 5°73 ‘tara 
6°58 85°60 2°50 6°37 to 
7°64 79°70 1-60 6°68 79°5 


The alloys containing 0-44°% and 0-74°% of silicon 
gave results which showed the carbide to be cementite 
(Fe,C) with no silicon in solution. Silicon was found 
in the other residues. The 4-88% and 5-85°%% Si alloys 
had microstructures showing cementite and the silico- 
carbide. The amount of the silico-carbide was greater 
in the 5-88% Si alloy. The 6-58% Si alloy had only 
a trace of cementite and the 7-64% Si alloy only 
had the silico-carbide. The amount of silicon in the 
residue seems to increase with the amount of silico- 
carbide. It could be argued that the silicon was 
merely contamination due to imperfect carbide 
separation, but if this is so the near-constancy of the 
atomic percentage of iron is striking. If the results 
are accepted (the uncertainties of chemical separation 
must be appreciated), the silico-carbide in a 7-5% Si 
iron having no other carbide contains about 6-7% of 
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silicon. It would be reasonable to assume that the 
silico-carbide in irons having lower silicon contents 
has the same composition. 


CONCLUSIONS 


Further evidence has been produced to support the 
view that undercooled graphite in cast irons, iron— 
iron-carbon-silicon alloys, and iron-carbon alloys 
arises from the decomposition of a carbide. The 
solidification of this carbide has been shown to take 
place (at least in part) before the eutectic arrest, as 
shown by a cooling curve. This carbide resembles 
hypereutectic carbide and confers the characteristic 
acicular pattern. This solidification sequence is in 
agreement with accepted ideas on undercooling of 
eutectics. 

Undercooled graphite in relatively high-silicon 
alloys has been shown to arise from the decomposition 
of a mixture of silico-carbide and cementite, suggest- 
ing that assumptions made elsewhere about the con- 
struction of the iron-carbon-silicon diagram are 
invalid. 

The analysis of carbide extracted from iron—carbon— 
silicon alloys points to the existence of a silico-carbide 
of relatively low carbon content. 

Several practical occurrences suggest the formation 
of undercooled graphite from a carbide phase, e.g., 


in the production of thin-section die castings in grey 
cast iron. These normally contain undercooled 
graphite if they are removed from the mould shortly 
after solidification. If, however, they are allowed to 
remain in the mould and to cool to a low enough 
temperature they may be white, particularly if the 
casting is very small. A further experience of this 
type has recently been described by Shaw and 
Kondic.® 
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The Solidification of Nodular Iron 


SYNOPSIS 
Cooling-curve and quenching experiments indicate that graphite 
nodules may form directly from the liquid. | Graphite nodules can 
also be formed by decomposition of acicular carbide. The sites of 
decomposed carbide may be recognized by segregation of nickel. 
Various solidification sequences are suggested. 929 


Introduction 


LTHOUGH the mechanism of solidification of nodular 
A cast irons has aroused considerable and sometimes 
highly speculative interest and its literature is 
already extensive, there is no widely accepted explana- 
tion of the solidification process. The most important 
proposals that have been put forward have been 
reviewed by Hughes! and Wittmoser.? This paper is 
concerned mainly with the solidification sequences in 
nodular irons and does not attempt to deal with the 
mechanism of spherulite formation. 

There appears to be some agreement that hyper- 
eutectic nodular graphite can form in the liquid, but 
there is doubt as to the manner in which the eutectic 
transformation occurs. It would be reasonable to 
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suppose that the eutectic transformation is similar in 
hyper- and hypo-eutectic irons. Dunphy and Pellini® 
conclude that in hypo-eutectic irons nodules form 
from pools of hyper-eutectic liquid at the beginning 
of the eutectic arrest, and that subsequent solidifica- 
tion produces ledeburite, which rapidly decomposes. 
Similarly, for hyper-eutectic irons, these authors 
showed that austenite formed before the eutectic 
arrest and claimed that the eutectic again solidified 
as ledeburite which graphitized rapidly. The initial 
deposition of an unexpected primary phase prior to 
the eutectic transformation in both cases would indi- 
cate the essential similarity of the freezing processes. 
Dunphy and Pellini obtained cooling curves from 
bars, 1 in. dia. and 7 in. long. The bars were quenched 
at various stages of the arrest and some carbide was 
found in bars quenched after “ complete solidifica- 
tion.” The theory of formation of spherulitic graphite 
from a carbide phase in nodular iron is plausible, since 
Grant* has demonstrated that white irons containing 
magnesium give graphite spherulites on annealing. 

Keverian, Adams, and Taylor® have also produced 
evidence of the development of nodules in melts 
of hypo-eutectic irons at temperatures above the 
eutectic arrest. 
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Table I 
COMPOSITIONS AND QUENCHING TEMPERATURES OF INGOTS 
Ingot | | TUN x a - - - Me, Temperature, 
1 4.63 <0-01 <0-02 0.003 0.005 0.91 0.04 1180 
2 4.72 ‘ a a ke 1-01 0.04 1134 
3 4.65 0.83 0.04 1125 
4 4.70 1-03 0.05 1113 



































Many investigators have drawn attention to the 
peculiar characteristics of cooling curves obtained 
from nodular cast iron. The eutectic arrest often 
appears to take place over a range of temperature, 
and the beginning and end of solidification are difficult 
to discern. The conclusion reached by Dunphy and 
Pellini depends upon the accurate recognition of the 
end of solidification, which is difficult in these irons. 
If the carbide formed before the quench has a measur- 
able life it should be possible, in bars quenched half- 
way along the arrest, to find coarse white-iron eutectic 
formed before the quench and fine eutectic formed 
during the quench. Alternatively, the carbide in the 
sample quenched after the end of solidification should 
be coarser than that in the sample quenched at the 
beginning of solidification. The micrographs given 
by these investigators do not show such duplex 
structures, and even if they were observed they are 
not referred to. 

The apparent absence of the coarse eutectic in such 
samples could lend itself to any of the following 
interpretations: 

(i) The end of solidification was at a lower tempera- 
ture than indicated, and the graphite formed from the 
melt without the intermediate formation of carbide 

(ii) The end of solidification was at a lower tempera- 
ture than indicated, and the graphite formed as a 
result of the decomposition of a carbide of very short 
life 

(iii) The end of solidification was as indicated, and 
the graphite formed as a result of the decomposition 
of a carbide of very short life. 
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Fig. 1—(a) Typical cooling curve for hyper-eutectic 
iron; (6) Cooling curve of hyper-eutectic mottled 
ingot 
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The best criterion for deciding between these possi- 
bilities would seem to be the detection of coarse and 
fine white-iron eutectic in samples quenched during 
the arrest, in view of the uncertainty of establishing 
the end of solidification. The experiments described 
in this paper were an attempt to resolve this un- 
certainty. 


COOLING-CURVE EXPERIMENTS 


For each melt 50 g. of high-purity iron were melted 
in a graphite crucible, the melt was held at 1450° C. 
for about } hr. to ensure approximate saturation, and 
then treated with 1° of a nickel-magnesium alloy 
containing 15% of magnesium. A Pt/Pt—Rh thermo- 
couple, appropriately sheathed with fine-bore silica 
tubing, was inserted in the melt, which was allowed 
to cool in the furnace. The latter was a tube furnace 
wound with platinum wire. All the experiments were 
conducted in air. 

The cooling curves obtained with such samples were 
reproducible; a typical example is given in Fig. la, 
These curves were always characterized by an inflec- 
tion before the eutectic arrest, which occurred over 
a range of temperature. The start of the eutectic 
arrest seemed to be clearly defined but the end was 
always indefinite. 

Since the ingots in this series were hyper-eutectic 
and saturated with carbon at the melting temperature, 
there was always some flotation of hyper-eutectic 
nodules, giving a concentration of carbon at the top 
of each ingot. The general structure of the lower part 
of an ingot allowed to cool slowly to room temperature 
is shown in Fig. 2. 

One ingot was rapidly quenched before the inflec- 
tion, one after the beginning of the inflection but 
before the eutectic arrest, one about half-way through 
the eutectic arrest, and one towards its end. These 
ingots are referred to as ingots 1, 2, 3, and 4 respec- 
tively; their compositions and quenching tempera- 
tures are given in Table I. 

Figure 3 shows the structure at the top of ingot 1. 
There is a segregation of hyper-eutectic graphite 
nodules in this section. These nodules are intimately 
surrounded by quenched liquid having a eutectic 
structure. The structure of the lower part of this 
ingot (Fig. 4) consists entirely of the eutectic structure 
with no graphite spherulites. Prior to the inflection 
in the cooling curve there is a deposition of graphite 
in spherulitic form without any accompanying phase. 
The nodules appear to be damaged during flotation. 
Figure 5 shows the structure at the top of ingot 2, 
quenched after the start of the inflection. The segre- 
gation of nodules can again be seen, but in this case 
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each nodule is surrounded by a ring of transformed 
austenite. The lower part of this ingot had no graphite 
nodules but had clearly developed dendrites of trans- 
formed austenite (Fig. 6). This confirms the observa- 
tion made by Dunphy and Pellini that the inflection 
in the cooling curve for hyper-eutectic irons corres- 
ponds to the formation of austenite, in dendritic form 
remote from existing nodules and in a uniform 
spheroidal deposition on such nodules. Figure 7 shows 
the structure at the top of ingot 3 quenched during 
the eutectic transformation, and Fig. 8 shows the 
structure at the bottom of the same ingot. Solidifica- 
tion appears to have progressed further at the top 
of the ingot than at the bottom, where a few graphite 
nodules have formed. Figures 9 and 10 show the 
structures of the top and bottom respectively of 
ingot 4, which was quenched towards the end of the 
eutectic arrest. Solidification appears to have been 
nearly complete at the top of this ingot, but far from 
complete near the bottom. 

Other similar ingots were quenched at still lower 
temperatures and fine ledeburite was absent from 
these only when they were quenched from tempera- 
tures below about 1113°C. Thus, it appears that 
solidification in these irons takes place over a range 
of at least 12°C. 

No significant temperature gradient from top to 
bottom of each ingot could be detected during these 
experiments. It therefore appears that each hyper- 
eutectic graphite nodule functions as a nucleus for 
the eutectic transformation, and that the greater the 
number of hyper-eutectic nodules the greater the rate 
of solidification for the aggregate. In the presence of 
an adequate concentration of hyper-eutectic ncdules, 
eutectic solidification takes place by the simultaneous 
growth of the pre-existing nodules and the austenite 
envelopes around the nodules. At points remote frcm 
the hyper-eutectic nodules or in regions from which 
these nodules have floated, there is a primary deposi- 
tion of austenite which continues until the liquid is 
of such a composition as to give a further deposition 
of nodules of hyper-eutectic character, at or near the 
beginning of the eutectic arrest. As soon as these 
secondary nodules form, eutectic solidification pro- 
ceeds by their growth and by the simultaneous forma- 
tion of austenite envelopes. 

No evidence was obtained, in this series, of graphite 
nodules forming by decomposition of a carbide phase, 
as was suggested by Dunphy and Pellini.* All ingots 
quenched from 1113° C. and above showed some fine 
ledeburite; in no case was a mixture of fine and coarse 
ledeburite found. It must be concluded that all the 
fine ledeburite shown in Figs. 3-10 represents metal 
still liquid at the time of the quench. It also appears 
that solidification can take place over a wider range 
of temperature than was assumed to be the case by 
Dunphy and Pellini, and therefore that these investi- 
gators produced no evidence to substantiate their 
claim that some graphite nodules form from carbide 
decomposition. 

This argument does not preclude the possibility of 
nodule formation by carbide decomposition. It merely 
states that the evidence obtained from such experi- 
ments does not support the applicability of the theory 
to samples having the particular cooling rates and 
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compositions used. However, evidence can be obtained 
from other experiments to demonstrate carbide 
breakdown. 

The author® has shown that irons containing nickel 
have a pronounced tendency to show coring in the 
primary dendrites, so that the central zones of trans. 
formed primary dendrites have coarse pearlite with 
patches of ferrite and the edges of the dendrites and 
eutectic zones have fine pearlite. This is due, presum- 
ably, to the segregation of nickel in the last portions 
to solidify and the resultant differential effect on the 
eutectoid transformation. This segregation can be 
used to leave a trace of the outline of carbide which 
has graphitized during cooling, and an instance of 
this effect is given in the following. 

50 g. of high-purity iron were melted in a graphite 
crucible and 1% of pure nickel was added. The melt 
was saturated with carbon at 1450°C., an addition 
of a nickel-magnesium alloy was made to give a total 
nickel content of approximately 2%, and the melt 
was cooled sufficiently rapidly to produce a mottled 
ingot, 7.e., an ingot containing some graphite and 
some eutectic carbide. The cooling curve of this ingot 
is given in Fig. 1b. The analysis was as follows: 


Total carbon 4°52% 
Silicon <0°02% 
Manganese <0°01% 
Sulphur 0°0038 % 
Phosphorus 0°005% 
Nickel 1°96% 
Magnesium 0°036 % 


Figure 11 shows an area of carbide in the lower 
portion of this ingot. The acicular character of this 
-arbide is apparent and it is clearly a much coarser 
structure than any of the ledeburite in the quenched 
ingots shown in Figs. 3-10. The carbide in Fig. 11 
formed during more rapid cooling than was used for 
ingots 1-4 prior to quenching. This is further proof 
that the carbide shown in Figs. 3-10, and particularly 
in Figs. 9 and 10, formed during the quench and not 
before it. Figure 12 shows the structure of a grey 
portion of this more rapidly cooled, mottled ingot. 
Fine pearlite areas having the same pattern as the 
carbide shown in Fig. 11 can be seen, indicating that 
these areas are traces of original carbide sites. 

This result clearly demonstrates that nodular 
graphite can form by carbide decomposition. The 
cooling rate was sufficiently rapid to give inadequate 
time for solidification to be completed by the growth 
of graphite nodules and their surrounding austenite 
envelopes. 

A similar series of observations may be made for 
hypo-eutectic irons, as is shown by the following 
examples. The ingots were prepared from high-purity 
iron and nickel melted with an appropriate amount 
of graphite in alumina crucibles to give final nickel 
contents of approximately 4%. Cooling curves 
obtained from such ingots indicated eutectic trans- 
formations spread over the interval from 1145 to 
1115° C. These curves never had a sharp or horizontal 
arrest. The structure of a mottled ingot prepared 
in this way (Fig. 13) shows graphite spherulites and 
coarse acicular eutectic carbide. In the areas sur- 
rounding the nodules the trace outlines of acicular 
carbide are present. This structure is shown more 
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Fig. 5—Top of ingot 2 


Fig. 3— Top of Ingot 1 Fig. 4— Bottom of ingot 1 


Fig. 2—Slowly cooled hyper- 


eutectic ingot 
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Fig. 13—Hypo-eutectic mottled ingot 


in hyper- 


12—Grey area 
eutectic mottled ingot 


Fi 


Area of carbide in hyper- 


eutectic mottled ingot 





. 11 


Fi 


Fig. 10—Bottom of ingot 4 
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Figures 10-13 and 15-17 


All specimens etched in 4°, solution of picric acid in alcohol. 
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Figures 10-13 and 15-17 


All specimens etched in 4°, solution of picric acid in alcohol. 





MORROGH: THE SOLIDIFICATION 


clearly in Fig. 14 at a higher magnification. Here again 
the partitioning of nickel between carbide and 
austenite results in a subsequent difference in eutectoid 
transformation after the carbide has decomposed. 

Ingots cooled at a rate that would, if continued to 
room temperature, have resulted in grey structures 

with no carbide, had structures as shown in Fig. 15 
when quenched just before the eutectic transforma- 
tion. Small graphite nodules surrounded by austenite 
envelopes are embedded in very fine quenched lede- 
burite. These nodules have originated between the 
austenite dendrites, and not in the interiors of the 
austenite dendrites as has been claimed by Witt- 
moser.2, Ingots quenched half-way through the 
eutectic transformation gave structures of the type 
shown in Fig. 16. In these the austenite envelopes 
around the graphite nodules had developed to such 
an extent that they had merged with the primary 
dendrites and small acicular carbide needles were 
developed in the ledeburite areas. In ingots quenched 
towards the end of the eutectic transformation these 
carbide needles were more fully developed (Fig. 17). 
These carbide needles were of the same order of size 
as those shown in Fig. 13. 

Figures 15-17 show that graphite nodules do not 
originate in the austenite dendrites but in the eutectic 
interstices of the dendrites. As the austenite envelopes 
grow they become continuous with the dendrites. As 
long as solidification continues by the growth of 
nodules and their austenite envelopes, each nodule 
must be at the centre of a eutectic cell and must 
appear in the completely solidified product to be 
approximately in the centre of a mass of austenite. 
Segregation effects will be apparent at the boundaries 
of the eutectic cells. 

The ingots referred to in this paper were not inocu- 
lated after the magnesium addition, as is usual in 
the production of commercial nodular cast iron. As 
a result they contained few and very large nodules, 
and solidification in the hypo-eutectic alloys could 
not proceed entirely by the growth of the nodules 
formed at the beginning of the arrest but was com- 
pleted by the solidification of an acicular carbide 
eutectic which graphitized subsequently. 

Dunphy and Pellini have suggested that the sur- 
rounding of nodules by austenite envelopes implies the 
graphitization of ledeburite. The results given here 
do not support this contention. Austenite envelopes 
form around graphite nodules that are closely packed 
together as, for instance, at the tops of the hyper- 
eutectic ingots described here. Furthermore, these 
austenite envelopes can form during the inflection of 
the cooling curve and prior to the eutectic arrest, as 
is shown in Fig. 5. The supposition that ledeburite 
decomposes to cause nodule and austenite envelope 
growth does not make the explanation of the diffusion 
of carbon from the liquid through the austenite to 
the nodule any easier. In both cases it involves the 
uphill diffusion of carbon in austenite. 


CONCLUSIONS 


The observations reported in this paper support the 
idea that hyper- and hypo-eutectic nodular irons 
solidify by analogous mechanisms. The actual 
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sequences in each case depend on the proximity of the 
nodules and may be stated as follows: 


(1) Hyper-Eutectic Irons, High Nodule Number— 
Spherulites form directly from the liquid until, at the 
eutectic transformation, austenite envelopes develop 
round the nodules and nodule growth takes place by 
diffusion of carbon from the liquid through the 
austenite to the nodule. 


(2) Hyper-Eutectic Irons, Low Nodule Number—In 
regions immediately surrounding the hyper-eutectic 
nodules solidification proceeds as for (1). In the 
regions remote from the nodules there is a deposition 
of austenite in dendrite form, simultaneous with the 
appearance of austenite envelopes around the nodules. 
Next, graphite spherulites may develop among these 
dendrites by a process analogous to (3) and (4). If 
the cooling rate is relatively slow the primary and 
secondary nodules grow as for (1). If the cooling 
rate is relatively fast the remaining liquid solidifies 
as an acicular carbide eutectic which can graphitize 
after solidification. 


(3) Hypo-Eutectic Irons, High Nodule Number— 
Primary austenite dendrites form directly from the 
liquid. Just before or at the beginning of the eutectic 
change, graphite nodules, probably of hyper-eutectic 
character, appear in the liquid. Subsequent solidifica- 
tion proceeds by the growth of these nodules and the 
development of austenite envelopes. 


(4) Hypo-Eutectic Irons, Low Nodule Number—- 
Primary dendrites and nodules form as for (3). 
Eutectic transformation proceeds as for (3) if the 
cooling rate is relatively slow, but if it is relatively 
fast the liquid remote from the nodules can transform 
into an acicular carbide eutectic which can graphitize 
after solidification. 


In most commercial nodular iron which has been 
inoculated and which has been cast in relatively light 
sections, the solidification sequence should be that 
described in (1) or (3) above. 

All the graphite in both hyper- and hypo-eutectic 
nodular irons containing magnesium can form directly 
from the melt but some may form by the decomposi- 
tion of a carbide; this will depend on the cooling rate 
and the nodule number. Several of the possible 
processes may occur in the same sample, and so give 
rise to the cooling curve without a sharp eutectic 
arrest observed by many investigators.? The actual 
form of the cooling curve will depend on the solidifica- 
tion sequence. This explains why different investiga- 
tors have obtained different types of cooling curve. 

Inoculation of the samples used in this work was 
omitted partly because of the small amounts of metal 
used and partly to exaggerate the effects of a low 
nodule number. It is believed that the observations 
apply in principle also to inoculated nodular irons. 
The function of inoculation is to increase the number 
of embryo nodules at the beginning of the eutectic 
transformation, so that inoculated irons behave as 
irons of high nodule number in the above description. 

It appears that the rate of diffusion of carbon from 
the liquid through the austenite envelopes is the con- 
trolling feature of the solidification process. The more 
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nodules present in a given volume of metal the 
greater the rate at which this diffusion can occur. 
When the cooling rate is so high that the rate of 
diffusion of carbon in the austenite cannot satisfy the 
transfer requirements, the remaining liquid will 
solidify as acicular carbide, which may decompose 
subsequently. As the austenite envelopes increase in 
thickness and the diffusion distance for carbon 
increases, the tendency for the remaining liquid to 
solidify as carbide eutectic also increases. 


Acknowledgments 
The author thanks the Council and Director of the 
British Cast Iron Research Association for permission 
to publish this paper. 


References 


1. I. C. H. Huaues: Proc. Inst. Brit. Found., 1952, 
vol. 45, pp. Al57—aA174. 

.2. A. WITTMOSER: Found. Trade J., 1953, vol. 94, May 
14, pp. 547-555. 

R. P. DunpHy and W. S. PELLINI: ‘‘ Mémoires du 
Congrés International de Fonderie, Bruxelles, 
1951,” pp. 13-23: 1951, Brussels, Association 
Technique de Fonderie de Belgique. 

. J. W. GRANT: Brit. C.I. Res. Assoc., J. Res. Dev., 

1950, vol. 3, pp. 571-574. 


— 


5. J. KEVERIAN, C. M. ADAMs, and H. F. TAytor: 
Trans. Amer. Found. Soc., 1952, vol. 60, pp. 849- 
852. 

6. H. MorroGH: J. West Scotland Iron Steel Inst., 
1941, vol. 49. pp. 49-55. 

7. A. WITTMOSER: Arch. Eisenhiittenwesen, 1953. vol. 


24, pp. 431-434. 





The Solidification 


of Iron-Phosphorus-Carbon Alloys 


AST irons are commonly defined as iron-—carbon 
( alloys, containing significant quantities of silicon, 

phosphorus, manganese, and sulphur, the solidifica- 
tion of which involves a ‘ eutectic’ transformation. 
Much of the metallurgy of cast irons is concerned with 
this eutectic transformation. The solidification of cast 
irons is usually discussed in terms of the iron—carbon 
diagram, and the ‘ eutectic’ transformation is often 
pictured as a binary eutectic even in complex com- 
mercial materials. It is the purpose of this paper to 
draw attention to the fact that the structure arising 
from the solidification process in ternary alloys may 
differ considerably from the conventional eutectic 
pattern. 


THE IRON-CARBON-PHOSPHORUS SYSTEM 
This system has been investigated by Vogel,! but 
all its details need not be introduced here. Figure 1 
indicates the areas of primary crystallization in 
schematic basal projection, assuming that the carbon- 
rich phase is iron carbide. A key to the primary 
phases is given below: 
Region Ia  Alpha-—delta 
na I Gamma 
a II___— Iron carbide 
* III Iron phosphide 
Line e,£ represents the binary complex* gamma plus 
iron carbide, line e,U represents the binary complex 


By H. Morrogh and P. H. Tutsch 


SYNOPSIS 


In place of normal ledeburite, phosphorus in small amounts 
causes the formation of a degenerate eutectic structure and in 
large amounts gives rise to austenite dendrites and cementite of 
hyper-eutectic appearance. 933 


alpha plus iron phosphide, line UE represents the 
binary complex gamma plus iron phosphide, and line 
AU gives the peritectic alpha-gamma transformation. 
Point # represents a ternary eutectic of gamma, iron 
carbide, and iron phosphide, and point U represents 
a four-phase peritecto—eutectic transformation. The 
transformation indicated by line e,H is of special 
relevance to cast irons. 
STRUCTURE OF IRON-CARBON-PHOSPHORUS 
ALLOYS 
The eutectic structure of pure iron—carbon alloys 
solidifying according to the metastable system usually 
shows a characteristic intimate mixture of trans- 
formed austenite and iron carbide. This structure is 
usually considered to be typical for simple binary 
eutectics and to arise from the simultaneous crystal- 
lization of the two phases concerned. The literature 
is vague on the structure of binary complexes in 
ternary systems, although the simultaneous crystal- 
lization of the two phases is often assumed. There are 
no theoretical reasons why the two phases should form 
simultaneously. Provided that the appropriate 





* Throughout this paper the term ‘ binary complex ’ 
is used instead of ‘ binary eutectic,’ since the trans- 
formations and resulting structures have few of the 
characteristics of eutectics. 
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number of phases is present, the phase rule may be 
satisfied by simultaneous or consecutive crystalliza- 
tion of the constituent phases of a eutectic or binary 
complex. 

During a detailed investigation of the iron—carbon- 
phosphorus system it was found that additions of 
phosphorus profoundly modified the usual ledeburitic 
structures. This effect is illustrated by the series of 
alloys given in Table I. These data refer to cooling- 
curve experiments on ingots, each of approx. 50 g. 
weight, melted in alumina crucibles and slowly cooled 
in a platinum-wound tube furnace. The compositions 
all lie within region I of Fig. 1, so that solidification 
begins with the formation of austenite dendrites. This 
is followed in the ternary alloys by the solidification 
of the binary complex and then by the solidification 
of the ternary eutectic. Table I gives the temperatures 
of the start of the inflections corresponding to primary 
dendrite and binary complex formation, and also the 
temperature of the ternary eutectic arrest. It may 
be assumed that austenite dendrites formed over the 
temperature range from the beginning of the primary 
to the beginning of binary complex solidification, and 
that the binary complex formed from this temperature 
down to the ternary eutectic arrest. 

Figure 2a shows the structure of binary alloy No. 1 
Transformed primary dendrites can be seen sur- 
rounded by a typical ledeburite structure. Figure 2b 
shows the structure of alloy No. 2. The ledeburite 
structure is only just apparent, the remainder of the 
carbide having no dispersed particles of transformed 
austenite. The ‘degenerate’ nature of the binary 
complex is even more apparent in Fig. 2c, which 
illustrates the structure of alloy No. 3. In alloy No. 4 
the carbide areas tended to be e slongated (see Fig. 2d) 
and the effect was still more apparent in alloy No. 5 
(Fig. 2e). In alloy No. 6 the carbide particles were 
definitely acicular (Fig. 2f). With higher phos- 
phorus contents at acicular pattern of the carbide 
became even more pronounced, as is shown in Figs. 
2g and h, representing ingots No. 8 and No. 9 
respectively. 

This series clearly indicates that phosphorus has a 
marked effect on the structure of the binary complex. 
At first, with low phosphorus contents, the ledeburitic 
structure is replaced by a degenerate structure in 
which transformed austenite is no longer dispersed 
through the cementite; with increasing phosphorus 


Table I 











COOLING-CURVE, RESULTS FOR 50-8. INGOTS 
Temperature, © C. 
od GC, % P, % ; 
Primary Binary Ternary 
Dendrite Complex Eutectic 
1 3-6 at 1222 1133 
2 3-6 0-025 1224 1126 a 
3 2-8 0.39 1281 1100 929 
4 2-7 0.75 1280 1080 939 
5 2-56 | 1-05 1261 1071 945 
6 2-31 | 2-50 1280 1012 943 
7 2-90 | 1-18 1241 1077 941 
8 2-77 | 3-72 1157 1035 939 
9 2-15 | 4-95 1078 983 948 
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Fig. 1—Areas of primary crystallization of the iron— 


carbon—phosphorus system 


the carbide assumes an acicular appearance charac- 
teristic of hyper-eutectic cementite. Thus, for 
example, in Figs. 2g and h it appears that the primary 
phases from regions I and II of Fig. 1 occur together 
in the same structure. This pattern has been obtained 
on all occasions on which such alloys have been 
prepared, and appears to be the normal structure of 
these ternary alloys. 

When the primary phases from each 
eutectic or binary complex occur together, the struc- 
ture is often explained in terms of undercooling.* 
Thus in the present case austenite dendrites would 
continue to be deposited beyond the normal tempera- 
ture for the formation of the binary complex, and 
would give, as a result, liquid rich in carbon from 
which a precipitate of hyper-eutectic cementite would 
occur. 

The austenite-iron carbide binary complex forms 
over a wide temperature range in this system, and 
it is important to establish whether the structure 
described is a consequence of this or whether it is a 
true undercooling phenomenon. One can imagine 
how the existence of a ternary eutectic might permit 
one phase to deposit on the already existing primary 
phase and the other (in this case, cementite) to grow 
with an idiomorphic outline. 

Cooling-curve ingots have been quenched at various 
stages during the solidification process, to try to 
establish this point. From these experiments it 
appears that acicular cementite may be crystallizing 
throughout the period of binary complex solidification. 
Figure 3a shows the structure of an ingot, of the 
same composition as alloy No. 8, quenched from 
1020° C., 7.e., shortly after the beginning of binary 
complex solidification. Coarse and fine needles of 
cementite can be seen, the former having formed 
before and the latter during the quench. Figure 3) 
shows the structure of a similar ingot quenched from 
985° C., 7.e., just before the solidification of the 
ternary eutectic. Again, fine and coarse needles are 
apparent. The existence of coarse cementite needles 
in ingots quenched at the beginning and fine needles 


side of a 
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in ingots quenched at the end suggests the continuous 
deposition of cementite during the whole of the binary 
complex solidification range. 

Figure 4a shows the structure of an ingot, of the 
same composition as alloy No. 7, quenched from 
1082°C., «.e., before the beginning of the binary 
complex inflection. Well-formed needles of iron 
carbide can be seen completely spanning the inter- 
stices of the primary dendrites. Sandwiched between 
these needles are small dendrites of transformed 
austenite in a matrix of the ternary eutectic. Many 
needles of cementite appear to be fully developed and 
to have formed prior to the quench. It is not clear 
whether the small transformed austenite particles 
represent a primary deposition or correspond to the 
austenite of the binary complex. The outlines of the 
primary dendrites are somewhat irregular, suggesting 
a deposition of austenite on the dendrites after the 
formation of the carbide needles; it is not clear from 
this micrograph whether this happened before or 
during the quench, although it does suggest that the 
carbide formed first. This is still more apparent in 
Fig. 4b, which shows a similar ingot quenched from 
1074°C., just after the beginning of the binary 
coniplex. In this case there are no small dendrites 
between the carbide plates, but the serrations on the 
primary dendrites are more marked. This is illustrated 
more clearly at a higher magnification in Fig. 5, from 
which it can be seen that a deposition of austenite on 
the primary dendrites has occurred after the initial 
formation of the carbide. The absence of fine austenite 
particles between the carbide needles might indicate 
the end of austenite formation. 

In Fig. 5, it can be seen that the ends of the carbide 
plates are rounded. This suggests that the centre 
strip of each carbide crystal formed first, completely 
spanning the gap between the primary dendrites, and 
that there was then a simultaneous formation of 
cementite and austenite—the austenite attaching to 
the already existing dendrites between the carbide 
particles and the cementite to the surface of the 
carbide crystals not embedded in the austenite. 





DISCUSSION 


The foregoing observations do not suggest that the 
anomalous structures in these alloys are the result of 
a simple case of undercooling. The effect of phos- 
phorus is continuous from very small amounts to 
large amounts. The plate or needle-like carbide 
pattern is only an advanced form of the degenerate 
structure found in the low-phosphorus alloys. The 
acicular structure always occurs for all rates of cooling 
and with a very wide range of compositions. For 
instance, needles of cementite and silico-carbide*® can 
be obtained side by side in chill-cast phosphoric alloys 
of appropriate silicon content. Figure 6 shows the 
structure of an alloy having 2-25% C, 2-01% P, and 
3°36% Si and chill-cast in a graphite mould. Figure 7 


shows the same spot after heat-tinting. Both the 
cementite (dark) and the silico-carbide (not tinted) 
have the same acicular appearance. Figure 8 shows 
a heat-tinted chill-cast alloy having 1-5% C, 3-059 
P, and 7-5% Si. The carbide present here is entirely 
the silico-carbide variety. The similarity of the crystal 
habit of the silico-carbide and cementite is note. 
worthy. 

If normal undercooling with alternate freezing of 
the primary phase were responsible, it would seem 
unlikely that the structures would occur so universally 
unless the addition of phosphorus could be considered 
to remove the nuclei which would initiate normal 
binary complex solidification. It is unlikely that this 
nuclei-removing effect could be the cause, for the same 
phenomenon occurs in hyper-eutectic irons. In phos. 
phoric hyper-eutectic irons kish graphite and austenite 
dendrites are found. It would seem sufficient at 
present to note that the effect arises in the presence 
of a third element (phosphorus) which extends the 
range of temperature over which the binary complex 
forms and which forms a low-melting-point ternary 
eutectic. An interesting parallel has been observed 
in the effect of sulphur on the structure of ledeburite 
by Williams,* who showed that this element also could 
initiate a degenerate structure with a tendency to 
give acicular carbides. In this case, however, the limit 
of miscibility is reached before appreciable amounts of 
the ternary eutectic are formed. 

The reasons for the primary appearance of binary 
complex constituents are particularly significant for 
cast irons. The characteristic flake structure of grey 
cast irons has long been difficult to explain. Flake 
graphite structures have little resemblance to eutec- 
tics, and although cast irons are always discussed as 
hypo-eutectic or hyper-eutectic the present writers 
have never seen a completely eutectic structure, that 
is, a structure free from austenite dendrites, in cast 
irons. In fact, it is reasonable to say that flake- 
graphite grey cast irons show both primary phases if 
the flake form of graphite is regarded as a primary 
form analogous to the lamellar hyper-eutectic 
graphite. 
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"(a) (b) 
Fig. 4—Alloy No. 7, quenched from (a) 1082° C., (b) 1074° CG. 


(b) 


(a) 
Fig. 3—Alloy No. 8, quenched from (a) 1020° C., (6) 985° CG. 
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cast alloy with 7-5°% Si; 


Fig. 7—As in Fig. 6 but heat-tinted 
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Fig. 6—Chill-cast alloy with 3.36° 
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Decomposition of Cementite 


during Solidification of Cast Iron 


By A. Berman, M.Sc., Ph.D., and V. Kondic, B.Sc., Ph.D. 


ANY methods of producing commercially different 
forms of graphite in cast iron are known, but no 
generally acceptable explanation has been 

offered for the mechanism of graphite formation, nor 
are the reasons for obtaining different cast-iron struc- 
tures under certain conditions fully understood. 
Amongst other things, there is still disagreement on 
whether graphite forms directly from the eutectic 
liquid or is a product of the decomposition of cementite. 
As any general theory of graphite formation in cast 
iron must be based on the solution of this problem, 
the present work was designed to investigate and 
clarify this question. 

Solidification of iron—-carbon alloys can readily be 
followed from a semi-hypothetical free-energy/com- 
position diagram (Fig. 1), in which the curves repre- 
senting the free energies of liquid iron, austenite, 
cementite, and graphite are plotted as functions of 
their carbon content. At temperature 7’, the free 
energy of the liquid of any composition is less than 
that of any component which could solidify. Thus, 
at this temperature liquid is the only phase present. 
On cooling to 7’, primary austenite begins to form, 
since the free-energy curve for the liquid has a com- 
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Fig. 1—Free-energy/composition diagram of Fe-C 
system (not drawn to scale) 


APRIL, 1954 


385 


SYNOPSIS 


The origin of graphite in cast iron has been investigated by 
comparing the time required for graphite to form: on cooling with 
that required for cementite to decompose at the eutectic tempera- 
ture. The latter tine was found by extrapolating the experimental 
results for cementite decomposition below the eutectic temperature. 
The close similarity of the times compared in this way indicates 
that D type graphite can form by cementite decomposition. 916 


mon tangent with that for solid austenite. The eutectic 
will not begin to form until the temperature falls 
to 7';, at which point there is a common tangent 
to the austenite, graphite, and liquid free-energy/ 
composition curves (Fig. lc) or, if graphite is hard to 
nucleate, to the austenite, cementite, and liquid 
curves at a slightly lower temperature 7’, (Fig. 1d). 
Thus, it appears theoretically that either graphite can 
form straight from the liquid state or, when graphite 
is not easily nucleated, cementite may be formed first, 
subsequently decomposing into graphite. The prob- 
lem of graphitization seems to be reduced to finding 
out the conditions under which graphite may be 
nucleated directly from the melt and the time re- 
quired for the decomposition of cementite at and 
near the eutectic. 

Recently, Morrogh and Williams! have concluded 
that the two types of graphite, designated D and A 
according to the A.S.T.M./A.F.A. Standard,? are of 
different origins ; D is thought to be the product of 
the decomposition of cementite, whilst A forms 
directly from the liquid. By melting pure Fe—C-Si 
alloys in vacuo Owen and Street obtained D type 
graphite, which was also shown to be formed by the 
decomposition of austenite carbide complex. Aoki‘ 
believes that the mechanism of the formation of flake 
graphite is the same as that of fine graphite (D). 
The work of Morrogh! showing that D graphite is the 
product of the decomposition of cementite cannot be 
reconciled with the work of Hanemann,® who used a 
4-15% carbon alloy of low impurity content and 
showed that the time needed for the decomposition of 
cementite at temperatures very near the eutectic was 
of the order of hours. This, as Epstein® says, is a strong 
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Fig. 2—Experimental furnace 


argument in favour of the theory that graphite is 
formed directly from the liquid. 


EXPERIMENTAL WORK 


To provide information on the problem of the 
origin of graphite and in particular to study the con- 
ditions under which it comes from the liquid or as a 
result of cementite decomposition, a series of experi- 
ments was designed to measure the time needed for 
graphite to form at the eutectic temperature and to 
compare this time with that required for the decom- 
position of cementite below the eutectic. 

An iron-carbon alloy containing 3-38% of carbon 
and 0-1% of chromium was melted in a specially 
constructed furnace (Fig. 2) which was designed to 
allow a wide range of cooling rates with close control. 
This furnace also permits rapid quenching from any 
desired temperature. Melting was carried out in an 
argon atmosphere. 

The furnace was wound with 22 S.W.G. Pt/10% Rh 
wire on a mullite tube 1} in. outside dia. x 18 in. 
long (A). The tube was surrounded with alumina 
powder and refractory brick. Inside the mullite tube 
a 1 in. outside dia. x 30 in. long silica tube (B) was 
inserted, which could easily be lowered and raised. 
Rubber bungs were placed in both ends of the silica 
tube, and in the upper bung a T-tube (C) was inserted. 
Gases could be passed into the silica tube through one 
branch of the T-tube, and a thermocouple (D) was 
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inserted through the other. The alumina crucible 
containing the charge (#) was held in the heating 
zone of the furnace by means of a silica rod (F), 
which was supported by a tube (@) passing through 
the bottom bung. This tube also served as an outlet 
for the gas. 

A 10-g. specimen was placed in a recrystallized. 
alumina crucible. Metal granules were arranged in. 
side the crucible so that they held the silica thermo. 
couple sheath in the centre of the crucible. The 
thermocouple was lowered through the main silica tube 
to a position at which it could be inserted into the 
silica sheath. The crucible, with the thermocouple 
in position, was then raised with the silica supporting 
rod (Ff). After the lower and upper bungs had been 
secured, the tube was flushed with gas for 20 min, 
before any further heating. The temperature in the 
furnace during this operation was about 700° C., 
which is the temperature at which the furnace was 
maintained while not in use for experiments. The 
temperature was then gradually increased to the 
desired level. Cooling was regulated by adjusting 
the input voltage and by altering the vertical position 
of the silica tube. 

Iron—carbon master alloys were prepared in a H.F. 
induction furnace using alumina crucibles. The charge 
was heated to about 1450° C., air-cooled, and quenched 
from near the melting point into the water while still 
in the crucible. The resulting white iron was 
crushed into small pieces several millimetres in dia- 
meter for use in the experimental work. 

The iron—carbon alloys were prepared from deoxi- 
dized Swedish iron of the following composition : 


Carbon 0:0034°% 
Silicon 0:002 % 
Sulphur 0:°005 % 
Nickel 00-01% 
Copper 0:004% 


Manganese 0:°005% 
Aluminium 0:°002°% 
Oxygen 0°0016% 
Nitrogen 0:0018 %, 


The carbon used was special graphite spectroscopic 
electrodes, and the chromium was electrolytically 
pure. 
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GRAPHITIZATION AT DIFFERENT COOLING 
RATES 

Experiments were designed to find the time of 
arrest at the eutectic temperature at which the 
structure of the solidified alloy is free from 
graphite and that at which it is fully graphitic. 
Specimens were cooled at different rates, quenched 
15 sec. after the end of the arrest, and their structures 
examined. The results were as follows : 


Experiment Time of Eutectic Cooling Rate, Structure 
No. Arrest, sec. °C, /sec. 
1A 13-14 2 White 
2A 90 0:17 1-2% graphite (D) 
3A 240 0:08 100% graphite (D) 


These experiments showed that at cooling rates of 
less than 0-08° C./ sec. and eutectic arrest of 4 min. 
the structure is fully graphitic, whereas at rates 
greater than 2° C./sec. and arrest of 13-14 sec. no 
graphite was present in this alloy. 


TIME/TEMPERATURE DECOMPOSITION OF 
CEMENTITE BELOW THE EUTECTIC 

To determine the time required for the decomposi- 
tion of cementite into graphite at temperatures below 
the eutectic, experiments were carried out with 10-g. 
specimens of the same alloy. These were cooled at 
a higher rate than that which was found to give a 
fully white structure and were then reheated to 
different temperatures for varying periods (Fig. 3). 
The cooling and heating curves were recorded by a 
quick-reading potentiometer reading at 15-sec. inter- 
vals. The specimens were water-quenched after re- 
heating to and maintaining at the desired temperature. 
The amount of graphitization was estimated by 
micro-examination, and the results were as follows : 


Curve 1 0% graphite 
9 100% graphite (type D) 
7 3 95 % ” 9 
29 4 5% 9 ” 
» +O 95% ” ” 
” 6 % ” ” 


From the series of cooling and heating curves it is 
evident that the time required for the decomposition 
of cementite near the eutectic temperature is of the 
order of minutes, and not of hours as Hanemann 
found. By drawing a line through the points repre- 
senting the beginning of graphitization at different 
temperatures (as obtained by microscopic examination 
of quenched specimens) and by drawing a similar line 
through the points representing the end of graphitiza- 
tion, it was possible to establish the time/temperature 
decomposition diagram of cementite below the eutectic 
temperature (Fig. 3). Extrapolating these lines up 
to the eutectic temperature shows that complete 
graphitization should take place within 4 min.; this 
time is very similar to that found to be required for 
total decomposition of cementite, as the experiments 
on the duration of arrest at the eutectic temperature 
have shown. The graphite formed during either 
direct cooling or subsequent reheatings was of type 
D (Fig. 4). 


DISCUSSION 


The discrepancy between the results of Hanemann’s 
work and those of the present work are even more 
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Fig. 4—Type D graphite 


pronounced by reason of the presence of 0-1°%, of 
chromium in the alloy used. This has a considerable 
stabilizing effect upon cementite, but nevertheless 
the time for the decomposition of these alloys is still 
lower than that found by Hanemann for pure iron- 
carbon alloy of higher carbon content. 

In the present work it has been confirmed that the 
graphite, which is of type D, can form by the decompo- 
sition of cementite immediately after its solidification. 
It is also indicated that the graphite forming during 
the eutectic arrest can also be a product of cementite 
decomposition. However, no general deduction can 
be made about the origin of type D graphite under all 
other conditions, and no conclusion can yet be drawn 
from the present results about the origin of other 
types of graphite. | However, an experimental pro- 
cedure similar to that followed in this investigation 
might eventually provide the answer to the question 
of the origin of most of the different forms of graphite 
recognized to exist in the structure of cast iron. 
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The Growth of Nodular Graphite 


SYNOPSIS 


It is suggested that graphite spherulites grow by screw disloca- 
tions generated by the inclusion of foreign atoms in the graphite 
lattice. In support of this theory rare-earth elements are shown, 
by means of autoradiography, to be uniformly distributed through 
the spherulites present in a nickel-carbon alloy treated with 
mischmetall, 894 


THEORY OF SCREW DISLOCATIONS 


RAPHITE occurs as more or less distorted lamelle 
in ordinary cast irons, but by the appropriate 
addition of, e.g., cerium! or magnesium? graphite 

spherulites are obtained accompanied by an improve- 
ment in mechanical properties. Numerous theories 
have been proposed to explain the effect of these 
elements. The theory based on the existence of screw 
dislocations is considered in detail here. 

The lattice defect referred to as a screw dislocation 
is well known. Figure 1 shows a model of a screw 
dislocation in a close-packed cubic lattice. By 
making one revolution round the axis of the screw 
dislocation it is possible to move continuously from 
one crystal plane to another. The significance of 
screw dislocations in the growth of crystals has been 
dealt with by Frank,? who suggested that growth 
could occur continuously by the addition of new 
atoms at the step edge of the screw dislocation. 
Crystal growth by screw dislocations has now been 
demonstrated for many materials and appears to be a 
common phenomenon. Recently Horn‘ has illus- 
trated screw dislocation spirals in certain natural 
graphites. 

Popoff® has demonstrated that the individual crys- 
tallites in certain anisotropic organic spherulites have 
a small gradual twist about their axes which are 
radially disposed in each spherulite. This twisting 
can be explained in terms of screw dislocations. The 
axis of the screw can be considered as a normal linear 
array of atoms but, as shown in Fig. 2, a correspond- 
ing row at a distance R has a tilt V with respect to 
the axis, and V should bear a simple relation to R 
and the dislocation step d. Thus, if the anisotropic 
organic spherulites contain screw dislocations of only 
one direction, either right-handed or left-handed, 
they must be screwed themselves. 

It is possible that the twisted structure arising from 
growth by screw dislocations is responsible for the 
division of the crystal into several branches which 
characterizes the spherulitic manner of growth. 
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Neighbouring screw dislocations will no longer fit 
together after a certain growth, as is shown in an 
exaggerated manner in Fig. 3. 

Growth of graphite flakes in normal cast irons takes 
place chiefly by the extension of the close-packed 
planes giving thin flakes. In graphite spherulites the 
close-packed planes are oriented parallel to the sur. 
face of the spherulites so that growth appears to 
occur at right-angles to these planes. This apparent 
reversal of the favoured direction of growth can be 
explained if screw dislocations are assumed. The axis 
of the screw dislocation is perpendicular to the close- 
packed planes. Precipitation is still believed to take 
place by the addition of new edge atoms, but in this 
process the advancing edge winds around the disloca- 
tion axis giving apparent growth normal to the close- 
packed planes. Thus the elementary growth rates 
may be unaltered in spite of the change in microscopic 
form. 

If the spherulitic growth of graphite is due to screw 
dislocations, additions promoting this structure, such 
as cerium or magnesium, would be expected to pro- 
mote the start of screw dislocations. These elements 
might have a common tendency to form non-metallic 
bonds with carbon atoms, whereby they may be 
attached to the growing edge of a close-packed plane 
in which the strong carbon-carbon bonds are of a 
non-metallic nature. Such an incorporation of foreign 
atoms in the graphite lattice during growth would 
provide disturbances leading to the development of 
new screw dislocations. After a certain growth they 
no longer fit together. Thus there is a continuous 
tendency to divide into new branches and thereby 
the growth becomes spherulitic. Bernauer® has 
shown that spherulitic growth often occurs when 
normal crystallization is disturbed by foreign additions. 

This theory as outlined above requires that the 
graphite spherulites contain a quantity of a spherulite- 
promoting element evenly distributed throughout the 
volume of the nodule. By the choice of suitable 
conditions this can be examined by autoradiography. 
CHOICE OF RADIO-ISOTOPE AND TECHNIQUE 

The selection of a suitable isotope is an essential 
preliminary. Magnesium, most used in practice for 
the production of nodular graphite, has the radio- 
active isotope Mg?’, with a half-life of 16 min. and 
emitting beta particles of about 2 MeV. maximum 
energy. The half-life is inconveniently short and 
because of the high beta-particle energy the resolving 
power would be limited. 

Cerium also promotes the formation of graphite 
spherulites, and several radioactive isotopes of this 
element exist. The isotope Ce, obtained as a 
fission product in piles, has a half-life of 275 days and 
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Fig. 1—Model of origin of a screw dislocation 


emits beta particles of 0-30 MeV. Although this 
combination by itself would be satisfactory, Ce!44 has 
the disadvantage of disintegrating into Pr!44, which 
emits beta particles of 3-07 MeV. maximum energy, 
and the latter would appreciably impair the resolving 
power. 

The isotope Ce!*! is obtained by neutron irradiation 
of the stable Ce!#° atoms present to 89% in ordinary 
cerium. It has a half-life of 33 days and emits 
0:56 MeV. (30%) and 0-41 MeV. (70%) beta particles. 
The half-life and beta particle energy are convenient 
and so Ce!#! is the most suitable isotope. After four 
weeks’ irradiation in a pile at a flux of 5-5 x 104 
neutrons/sec./sq. cm., cerium attains a specific activ- 
ity of 25 mc./g. Thus with contents of 0-02% cerium 
in the sample the specific activity would have the 
adequate value of 5 pe./g. 

The technique of activation analysis was used for 
the experiment described here. This involved the 
use of a non-radioactive, completely prepared metal- 
lographic sample, exposed to radiation in a pile, the 
radioactive atoms being formed in situ. This tech- 
nique avoids the uncontrollable hazards of adding a 
radioactive isotope to a melt. 

With activation analysis the other radioactive 
isotopes which could be formed must be considered. 
If an iron-base alloy was used, beta-emitting Fe5® 
with a half-life of 45 days would be formed. Because 
of this, after four weeks in the pile at a flux of 
5-5 x 10" neutrons/sec./sq. cm., an iron sample 
would develop a specific activity of 40 we./g., which 
would be sufficient to mask the activity of the small 
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Fig. 2—Twisting effect produced bya screw dislocation 
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quantity of cerium present. Even higher activities 
of Fe55 would be present, whose y-radiation would 
blacken a photographic emulsion. 

Fortunately, cerium additions will produce nodu- 
lar structures in nickel-carbon alloys. Nickel irra- 
diated in the pile only yields short-lived radioactive 
isotopes, and carbon gives no interference since the 
C!4 formed has a low specific activity. 


EXPERIMENTAL PROCEDURE AND RESULTS 

Two nickel-carbon alloys having 2-6%C were 
treated with 0-06°% and 0-10% of mischmetall just 
before casting. The mischmetall contained 47% 
cerium and 52% of the other rare earths—mainly 
lanthanum, praseodymium, and neodymium—and 
small quantities of iron, silicon, magnesium, and 
calcium, the latter being materials which in small 
quantities do not give any disturbing radioactivity. 
The other rare earths, particularly lanthanum and 
praseodymium, are likely to produce more activity than 
the cerium, as the following table, giving activities 
resulting from one month’s irradiation at a flux of 
5-5 x 10! neutrons/sec./sq. cm., shows. 


Half-Life Betas, MeV. Activity, me. 'g. 
Ce! 33 days 0-56 25 
La? 40 hr. 1-32, 1-67,2-26 550 
Pri =19-3 hr. 2-52, 0-35 660 
Pri#8 13-8 days 0-93 3-63 per g. of Ce 


The isotope Pr!4* is produced in irradiated cerium 
by the decay of Ce!** also produced, and thus it co- 
operates with Ce!*! to reveal the distribution of cerium. 
The effect of La!#° and Pr'4? can be greatly decreased 
by a pause between the end of irradiation and the 
start of radiographic exposure. After a pause of two 
weeks the activity of La!*° and Pr!’ is decreased to 
1-7 and 0-004 mc., respectively. The activity of 
Ce!4! is only decreased to 19 mc. by this pause. Fur- 
thermore the isotopes of the other rare earths need 


























Fig. 3—Misfit of neighbouring screw dislocations 
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not have any disturbing influence in this investigation 
since they are believed to have the same tendency as 
cerium in promoting spherulite formation. 

Thin metallographic specimens were prepared from 
each alloy. That treated with 0-06% mischmetall 
had a structure of spherulitic graphite in a matrix of 
nickel, but the alloy treated with 0-10°% mischmetall 
had a third phase, as shown in Fig. 4a. 

After four weeks’ irradiation at Harwell in a flux of 
5:5 x 10" neutrons/sec./sq. cm. followed by a pause 
of two weeks to allow any short-lived disturbing 
isotopes to disintegrate, the specimens were covered 
with pieces of film stripped from Kodak Autoradio- 
graphic Plate. After one week of exposure the film 
was developed and examined under a microscope. 
Figure 4) shows the resulting autoradiograph obtained 
from the area shown in Fig. 4a. Regions of high 
radioactivity are black. It is clear that the graphite 
nodules do contain radioactive material uniformly 
distributed throughout each nodule, and if this 
material is a rare earth its distribution is in accord 
with the theory of growth by screw dislocations. 

The unidentified phase in Fig. 4a undoubtedly 
contains a radioactive rare earth in great quantity. 
By reducing the exposure to 24 hr. the autoradio- 
graph shown in Fig. 4c was obtained, in which the un- 
identified phase is still apparent but the nodules are 
hardly discernible. In the sample with the 0-06% 
mischmetall addition the nodules of graphite had a 
distinct but weaker radioactivity. The very radio- 
active, unidentified phase was not present in this 
sample. 


CONCLUSION 


A theory for the growth of graphite nodules by 
means of screw dislocations has been suggested, 
This theory involves the entrapping of foreign atoms 
such as cerium or magnesium within the growing 
graphite crystal so that a uniform dispersion of these 
elements should be present in each nodule. By means 
of activation analysis and autoradiography of nickel- 
carbon alloys treated with mischmetall the possible 
uniform distribution of rare earths through each 
nodule has been demonstrated if the radioactive effects 
of any other impurities in the alloys likely to segre. 
gate with the graphite are regarded as negligible. 
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New Swedish Mill Designs 





and Layouts for 


Medium and Small Sections and Wire Rod 


Introduction 


URING the last 15 years several new rolling-mill 
)) techniques have been developed which have not 
yet been described in the technical literature; for 
example, new designs of roller guides have permitted 
repeater rolling not only of breakdown ovals but also 
of leader ovals. Hitherto repeaters have been used 
for finish rolling between 0-2 (5 mm.) and 2 in. 
(50 mm.) dia. The thicker sizes apply, however, only 
to soft iron. Using a new kind of whip channel it 
is now possible to roll down to 0-2 in. dia, (5 mm.) 
at a speed of 3700-4300 ft./min. (19-22 m./sec.) in 
alternating 2-high mills (see Fig. 16). Repeater rolling 
now normally begins on the oval after 23 in. (60 mm.) 
square of merchant iron and the oval after 2 in. 
(48 mm.) square of high-grade steel. 

With the conditions prevailing in Scandinavia high- 
productivity continuous wire-rod and bar mills and 
cross-country mills cannot generally be used. As a 
tule, a limited output of 10,000—100,000 tons/year is 
required, and this production covers a wide range of 
sizes, from 0-2-in. to 6-in. (5-150-mm.) rounds and 
squares, and strips varying from about 3 in. up to 
8 or 12 in. (10-200/300 mm.) wide. The sizes between 
0-2 and 1 in. (5-25 mm.) rounds and squares, as well 
as strips, should be rolled either in coils or in straight 
lengths. It should be possible to roll practically all 
profiles. In addition, all types of iron from the softest 
(e.g., telegraph wire rod with less than 0-05% of 
carbon) and the whole range of high-grade steel and 
tool steel (high-speed steel, Nimonic and tool steel 
with 13% of chromium and 2% of carbon, stainless 
razor steel, etc.) are produced. 

Rolling mills in Scandinavia are therefore restricted 
to 3-high and alternating 2-high mills. An attempt 
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By S. Erik M. Norlindh 


SYNOPSIS 
The development of rolling-mill technique in Sweden has been 
mostly directed towards the need of the small high-grade steel- 


works for modern but nevertheless economical rolling mills for bars 
and wire rods. This has been possible owing to the development 
of repeater rolling to a high degree of reliability, even for break- 
down ovals and leader ovals down to 0-2-in. wire rod at final speeds 
of up to about 4000 ft./min. 

A new layout for a combined rolling mill for medium and small 
sections and wire rods is described, in which the most recent phase 
of development is the ability to roll small ingots. An account is 
given of the essential new designs that have made this develop- 
ment possible. 864 


has, however, been made to adapt these mills to the 
requirements of the low-producing ironworks. The 
former finishing-mill layout, consisting of one medium- 
section mill, one small-section mill, in certain cases 
combined with a wire-rod mill, and sometimes also 
a strip mill, has been replaced by a combined rolling 
mill for medium and small sections and wire rod, as 
shown in Fig. 1. 

The medium-section mill usually has five 3-high 
stands, 19-3-21-6 in. dia. x 59 in. (490-550 mm. dia. 
x 1500 mm.) barrel length (see Figs. 15a and b). As 
well as finish-rolling medium sections this mill also 
serves as a roughing mill for the small-section and 
wire-rod mills. All the mill motors are equal and give 
0-660-660 kW. at 0-750-1000 r.p.m. The two motors 
of the medium-section mill drive a reduction gear 
with flywheel and the mill can be adjusted by voltage 
control between 0 and 104 r.p.m., and with field 
weakening from 104 to 139 r.p.m. 
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Stand 19: 10-4 tons/hr.; 11-3 in. dia.; 3710 ft./min. 
Stand 18: 10-4 in. dia.; 3410 ft./min.; 1250 r.p.m. 


Fig. 2—Pass data for combined mill, rolling 0-2 in. dia. Loop growths for 330-lb. billets are indicated. Power- 
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The small-section mill (Figs. 15c and d) has three 
trains, each driven by a motor, of which the first, 
through a combined pinion and reduction gear with 
ratio 4-8: 1, drives a 3-high stand with rolls 12-2- 
16-5 in. dia. x 23-6 in. (310-420 mm. dia. x 600 
mm.) and two 2-high stands with rolls 11-6-16-5 in. 
dia. x 23-6 in. (295-420 mm. dia. x 600 mm.). The 
second train, consisting of two stands with 9-45- 
14-2 in. dia. x 15-2 in. (240-360 mm. dia. x 385 
mm.) rolls, is driven by a motor through a shaft below 
the first train through a combined pinion and reduc- 
tion gear with ratio 2-22 : 1. The third train, designed 
with two similar stands, is also driven by a motor 
and a pinion and reduction gear with ratio 1-61 : 1. 

After these there are three or more wire-rod trains, 
each consisting of two stands with 9-45-14-2 in. dia. 
x 15-2 in. (240-360 mm. dia. x 385 mm.) rolls. The 
last train may have four stands, as the increase in roll 
diameter is sufficient to eliminate awkward loop 
growths. 

From the fifth and fourth medium-section stands 
the finished medium sections are transported along 
the finishing stands of the small-section mill (Fig. 17) 
to the cooling bed (Fig. 18). From the finishing 
stand of the small-section mill the material can be 
transported to either the cooling bed or the wire-rod 
reels. The bars can also come from the wire-rod trains 
to either the cooling bed or the reels. The rolling 
schedule for 0-2-in. (5-mm.) wire rod is shown in 
Fig. 2. 








For high-grade steel, billets are normally used, 
33 in. square x 9 ft. 2 in. long (85 mm. x 2-8 m.), 
weighing 330 lb. (150 kg.). The bars are rolled down 
to 2 in. (48 mm.) square in the first stand in five 
passes. The sixth pass in stand 1 gives an oval, which 
is repeated to stand 2, after which the bar is rolled 
by repeater in all stands of the medium-section mill. 
The repeater in stand 4 is offset to accommodate a 
rotary snap shear, which automatically crops the 
front and tail ends of the 0-82 in. (20-8 mm.) square, 
If required, the ends can be cropped later in the small. 
section mill. The oval after 0-62 in. (15-8 mm.) 
square passes a repeater, and is then transferred by 
means of a feeding device to the small-section mill 
and later to the wire-rod trains, where rolling is also 
done by repeaters. 

When rolling } in. dia. (6-35 mm.) and coarser 
sizes, according to Figs. 3a-c, the fourth and fifth 
stands of the medium-section mill will be free for 
alternate rolling of medium-section bars. Suitable 
squares are taken from the first stand and traversed 
to the fourth and fifth stands. The repeaters for 
breaking-down in stands 1, 2, and 3, according to 
Figs. 15a and b, should always be in position. 


ROLLER GUIDES 


Figures 4a-e show the roller guide for 0-2-0-47 in. 
(5-12 mm.) dia. or corresponding sections. The two 
halves of the entry guide (A) are mounted in the 
roller-guide housing with two laminated springs 2 and 
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Fig. 3—Pass data for rolling when changing (a) from 1} in. dia. to } in. dia. and (b) [from 3 in. x 4 in. flat spring 
steel to 0.45 in. dia. (c) Pass data for } ad dia. Loop growths are given for 330-lb. and, in brackets, for 880- 
Power-consumption figures are given in (a) and (b) for ball-bearing steel and, in brackets, for soft 


Ib. billets. 
iron with 0-10% of carbon. When rolling } in. dia. (Fig. 3a) stands 4 and 5 are set, for example, for 1}-in. dia. 


bars. When the wire rod is rolled out, the next billet can be directed to stands 4 and 5 without any stoppage. 


After that the small-section and wire- rod trains are set for a new size 
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3 and their roller B next to the rolls. The entry guides 
are pushed into a groove in the guide box and are 
held steadily by a loose top guide (4) and screws (6) 
on top of the roller-guide housing. A front offset Z 
prevents the entry guides from advancing, in case the 
end of the oval should be double-folded or so ragged 
that the oval is pulled off. The grooves of the entry 
guides for 0-2-0-47-in. (5-12 mm.) rod are made 
about } in. (3 mm.) wider than the oval, so that the 
entry guides do not cause any friction when the oval 
is introduced into the pass. The entry friction guides 
are intended to lead the oval to the groove in the 
roller, to straighten bent rods, and to protect rollers 
and laminated springs against overloading caused by 
double-folded ends or ragged material. 

The rollers hold the oval steadily so that it cannot 
be displaced laterally or tilted. Figure 4e shows how 
the roller is mounted in the laminated spring. The 
outer ball-bearing race is reduced by grinding on one 
side so that washers (18) can compensate for the 
wearing-down of the bearing. The washers should be 
thick enough to give a fairly tight fit. 

To obtain the best possible guiding of the oval it is 
desirable to have the roller as near the rolls as possible. 
The rollers guide the oval perfectly, in spite of the 
fact that the distance from the guiding of the oval of 
the guide rollers to the contact surface of the rolls 
is about 2} in. (55 mm.) at 0-2 in. dia. (see Fig. 5). 

There is no room for labyrinth seals, etc., and so 


the only sealing is the clearance against the end 
surfaces of the roller. By injecting grease continuously 
or intermittently or by using oil-mist lubrication, 
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SECTION AA 


(d) 


water and scale are prevented from entering, but it 
is impossible to protect the bearings completely from 
impurities which cause some wear and slackness. The 
ball-bearings for the smallest roller guides are heavily 
loaded and so it is usual to choose larger roller guides 
for harder steel qualities. 

The laminated spring is fixed longitudinally by 
screw 7 in the guide housing A. Just near the tension 
screw (7) the laminated spring is supported by 
pointed pressure screws (9), which absorb the reaction 
pressure from the bar against the roller and keep the 
rollers separate when they are not under load; other- 
wise, the roller would be broken at the shock from 
the first end of a bar at speeds of 4000-5000 ft./min. 
(20-25 m./sec.). 

The adjusting screws (11, 12) for the laminated 
spring are supported by inserts in the guide housing 
and are placed inside the side of the roller guide. 
All screws that require adjustment during rolling are 
accessible from the front of the mill. No lateral 
space is therefore required outside the guide box for 
gaining access to the set-screws and so the guide-box 
assembly can be located close to the mill housing. 
As the rollers are mounted on laminated springs, the 
springs of both rollers yield equally if the thickness 
of the oval varies, so that the oval remains in the 
centre of the groove. 

Vertically, the laminated spring is fixed with 
adjustment screws 13 and 14 just in front of the 
central tension screw (7). By means of balance 5 (see 
Fig. 4a), and the upper set-screws (10), one roller can 
be lifted by the same amount as the other is lowered. 
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Fig. 4—Roller guide 12 for finished size of #,-}§-in. round and corresponding sections 
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Fig. 5—Fastening of roller guide 12 to the rest bar. In 
spite of the distance from the centre of the guide 
rollers to the contact point with the roll groove 
when rolling 0.2-in. rod, the oval is perfectly guided 


The oval is tilted or placed vertically, but its height 
is not altered. 

As the groove in the entry guides is wide, the 
thickness of the oval may vary and the oval may be 
tilted without being influenced by the entry guides. 
There is practically no risk of scratching the bar or 
of adhesion of the rolled material to the guides, which 
is especially valuable when rolling stainless steel. 

For rolling in continuous mills the grooves of the 
entry guides are made funnel-shaped, so that the 
twisted oval does not touch the entry guides at all 
when the guides have transferred the first end of the 
oval into the grooves of the rollers. 

In cantinuous rolling mills the oval must be made 
thin (see Fig. 6b) to enable the twisting delivery 
guides to function. When possible, the oval should, 
however, be made much plumper (Fig. 6a), because 
this gives better tolerances. The rollers hold the oval 
so rigidly that it may be plump without detriment. 

The entry friction guides are rigidly clamped into 
the guide box. If a ragged end catches in the entry 
guides it is not necessary to loosen the rollers when 
the entry guides are taken away to remove the ragged 
end. 

As the groove in the entry guide is wide and the 
only resistance to be overcome is the rolling friction, 
it is easy to push in the oval. Even flakes and rather 
ragged ends usually pass the roller guides, which 
decreases scrap loss and increases the reliability. The 
roller guide not only makes possible the use of 
repeaters on smaller leader ovals but has also shown 
considerable advantages on breakdown ovals and 
heavier leader ovals, both when rolling with repeaters 
and when rolling by hand. 

For the larger roller guides the mounting of the 
roller is made with conical roller-bearings in the 
laminated spring (see Fig. 7). Here the shaft is 
revolving and is shut by left- and right-hand screws, 
respectively. Washers are placed under the outer 
race of the roller-bearing to give a tight fit. Figure 
19a shows the roller guide for 3-6} in. dia. 

The roller guide may be used not only for leader 
and breakdown ovals but also for edging flats and for 
rolling squares, hexagons, and various other sections. 
For edging flat iron a different type of roller guide 
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Fig. 6—(a) Plump leader oval for 0-216-in. dia. from 
an alternating 2-high looping mill; (6) leader oval 
for 0-216-in. dia. from a continuous wire-rod mill 
with twist guides x 3} 


(Fig. 19b) is usually used, because in this case it is 
desirable to get the rollers almost to the centre of the 
rolls. In this way sharp-cornered flat iron up to 
3 in. X 8 in. has been rolled. 

It is almost general practice nowadays to use a 
rest-bar profile (Fig. 5) to fasten the roller guides, as 
the guides can be advanced towards the rolls and 
secured with an easily accessible bolt without lateral 
movement during the fastening. A proposal for 
standardizing rest-bar profiles is being considered. 


REPEATERS WITH GUIDES 


The design of repeaters and accessory guides is 
somewhat different in Scandinavia from that used in 
other countries. In Scandinavia the oval is bent side- 
ways and downwards in such a way that the oval 


















































Fig. 7—Rollers for roller guide 45 
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twists by itself to the vertical position without the 
help of twist guides. Twist guides can, of course, be 
used when the mill is intended for large quantities 
of each size, but in our experience it is too difficult 
to adjust the twist guides for small quantities. 
Figure 8 shows an oval repeater with accessory guides, 
which is used both for breakdown and leader ovals. 
The bottom delivery guide rests on the roll in front 
and on the guide support at the back. The upper 
delivery guide is completely supported by the delivery 
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SECTION JJ 





SECTION FF 


guide support. During assembly it is pushed against 
the roll groove and is fastened with a key of soft 
iron.* The distance between the upper and the 
bottom delivery guide and the vertical opening of the 
following pipe to the repeater must be fairly small, 
but not so small as in continuous rod mills with twist 
guides. Delivery guides and tubes that are too wide 
cause wavy formations (see Fig. 9), since the oval 


* H. W. Riddervold, J. Iron Steel Inst., vol. 176, pp. 
406-411 (this issue). 










END VIEW 















































Fig. 8—Repeater and guides for leader and breakdown ovals 
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Fig. 9—Effect of using too large an orifice in the guiding 
pipe 








meets with a large resistance when it meets the rolls 
in the following stand. In the event of this wavy 
formation, the bar tends to lock and the upper 
delivery guide may be thrown out. The funnel-shaped 
part of the delivery guide next to the rolls and the 
cone of the pipe ought not to be too long, for the 
same reason. The risk of this wavy formation is 
greater for soft iron and in the case of thinner ovals 
and when the following stand has a low speed in 
relation to the preceding stand, giving a violent throw- 
out. On the other hand, the lateral space should be 
quite generous, so that ovals with flakes, ragged 
ends, and overfills caused by piping can pass through, 
so far as possible. 

The pipe from the delivery guides overlaps the 
straight part of the oval repeater so that a sufficiently 
long straight part of the oval can throw out when 
the following stand has gripped the bar. For thinner 
ovals and softer iron the pipe must overlap the 
repeater a little more. Variations in the distance 
between the grooves are absorbed by the guide pipe 
from repeater to roller guide. Articulated repeaters 
should be avoided. 

The repeaters in the small-section and wire-rod 
trains (Figs. 15c and d) rest on supporting trestles, 
which are lowered into holes in the floor. When the 
repeaters and the supports are removed the floor will 
be even and it will be possible to roll by hand. In 
the medium-section and roughing mill the repeaters 
are usually keyed directly to the delivery guides 
(Figs. 15a and 5), and the pipe from the repeater to 
the roller guides absorbs the longitudinal forces, 
rendering this design very stable. 

Nowadays, all repeaters are made with snap shears, 
which can be operated by an air-pressure cylinder. 
It is thus possible to cut an end to check the dimension 
and the appearance, and it is also possible to stop a 
bar or to cut off in case of scrap, so that the whole 
bar does not gather on one (perhaps inconvenient) 
place. The snap shears are not suitable for cutting 
hard-steel qualities and the heavier sections. 

Without exception, rolling mills today are designed 
so that the oval repeaters go from the upper position 


@-),- T 
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Fig. 10—(a) Double-ended and (6b) pig-tailed rod, rolled 
at high speeds 
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Fig. 11—When the rod has left the first stand the centri- 


fugal force throws out the tail end of the rod, 
producing a whip end, as shown in Fig. 10 





to the bottom position. This gives a throw-out 
upwards and outwards, which means that it is fairly 
easy to increase the pushing force of the oval without 
the risk that the oval is once more forced down into 
the repeater. Photo-cells with throw-out devices are 
not used and the repeaters work reliably without 
twist guides or movable parts. 

It is essential for the reliability of the oval repeaters 
that the front end of the oval should be straight. 
This only occurs when the rolls are driven with 
universal couplings.* Furthermore, it is actually 
desirable to have roller-bearings or high-pressure 
lubricated slide-bearings in the roll chocks so that 
the roll setting does not change. 

The repeaters on the square side are made in about 
the same way as in the U.K., but in Scandinavia there 
is generally a longer straight part for the throw-out. 

In addition to ovals, squares, and diamonds, the 
repeaters can be used for other similar sections, such 
as leaders for hexagons and octagons. For certain 
rectangular sections where the width is somewhat 





* Practice has shown that it is doubtful economy to in- 
stall oval repeaters in rolling mills with wobbler couplings. 





1S 17 


16 18 


Fig. 12—(a) The wire-rod trains for the highest speeds 
are placed farthest away from the reels and cooling 
bed in the combined rolling mills. (6) When the 
rod leaves stand 16 its tail end is subject over a 
long distance to an acceleration by the centrifugal 
force from the loop. It is more difficult, therefore, 
to avoid whip ends than when rolling as shown in 
(a) 
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Fig. 13—The principle of the whip channel. When the 
tail end has left the preceding stand the loop tends 
to grow violently, but this tendency is counteracted 
by its bumping alternately against the upper and 
lower semi-circular flanges, in this way avoiding 
whip ends 


greater than the thickness, however, it is necessary 
to resort to twist guides. Strip up to 6 in. (150 mm.) 
wide can be rolled with repeaters without movable 
parts. 

Among the repeaters of a special design may be 
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mentioned the loop-regulating repeaters for squares 
(Fig. 20). These repeaters adjust the speed of the 
following wire-rod train, and the movement of the 
loop roller is transmitted to a rheostat, which per. 
forms the revolution control via a magnetic amplifier 
or thyratrons. The loop-regulating repeater is usually 
assembled with a whip channel which controls the 
movement of the tail end and thereby prevents 
doubled-back ends (Fig. 10a) or pig tails (Fig. 100). 


WHIP CHANNELS 


When rolling with repeaters at speeds of more than 
about 1700 ft./min. (8-9 m./sec.) the centrifugal force 
causes the same phenomenon on the tail end of the 
rod as when a whip is being cracked. The doubled. 
back ends or pig tails stick to the roller guide and the 
rod is snatched away, so that the whip end remains 
in the entry guides, preventing the following rod from 
entering and thus spoiling it. As the centrifugal force 
is proportional to the square of the speed, the diffi. 
culties increase rapidly with a greater speed (see 
Fig. 11). After having passed the repeater, the front 
end of a rod throws out on the straight part 3a and 
over the outer edge 3b of the repeater (3). Then the 
rod quietly runs out in a slowly increasing loop owing 
to the difference of the roll diameters in stands 1 and 
2 and the coefficient of reduction. 














SECTION BB 


TOE tte Sliding surfaces lubricated 
during rolling 


Fig. 14—-Grease-bath coupling 
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Fig. 15—(a) Combined rolling mill for medium and small sections and wire rod at Séderfors Works, 
Swecen; (») medium and roughing train with five 3-high stands of new design (19-3-21-6 in. dia. « 49-2 
in.); (c) intermediate and small-section train with repeaters; and (d) medium and small-section 
train (the 4-stand wire-rod train is not yet erected) 
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Fig. 16—Loop-mill rolling of high-grade 
0.22-in. wire rod at a rolling speed of 
3700-4300 ft./min. at Hellefors Works, 
Sweden 








Fig. 17—The last two stands in the small-section Fig. 18—The walking-beam cooling bed at Séder- 


mill at Séderfors, showing the runout roller fors 
table for medium sections to the cooling bed 


Fig. 19—Roller guides: (a) No. 155 for 3-6} in. rounds and corresponding sections; (b) for 
edging small flats between ungrooved rolls 
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‘ig. 20—Loop-regulating repeater for thin squares, 
combined with whip channel 


Fig. 22—Mounting of grease-bath coupling at Det 
Danske Staalvalsevaerk A/S, Denmark 





Fig. 24—The intermediate train at Séderfors with 
one 3-high (12-2-16-5 in. dia. x 23-6 in.) and 
two alternating 2-high stands (11-6-16-5 in. 
dia. <x 23-6 in.). Note the different distances 
between the stands in the case of 3-high and 
2-high units 


Fig. 21—Oval repeater combined with a whip 
channel at Fagersta 





Fig. 23—Repeater for plump leader ovals in an 
alternating 2-high mill (9-45-14-2 in. dia. 
12-4 in.) of new design. Note the small 
distance between the stands and the inclina- 
tion of the oval repeater 
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Fig. 25—Roughing and medium-section train at 
Kanthal, Sweden. The two first stands are of 
conventional design (17-5-19-3 in. dia. 
55-2 in.) and the third and fourth stands are of 
the new design (19-3-21-6 in. dia. 49.2 in.) 
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Fig. 26—A new 3-high roll unit Fig. 27—Checking roll chocks and 


(21-6 in. dia. x 49-2 in.) being their accessories in the shop. The 
lowered on to posts in a medium- nuts and gears for the set-screws 
section train. Spline couplings have been put on to show the 
have been replaced in the middle design 


roll row by grease-bath couplings, 
so that the height of the roll unit 
can be regulated by means of the 
distance bars (A) placed on offsets 
attached to the posts 


3 


(a) 





Fig. 28—The screwdown device in top and 
bottom chocks 






Fig. 30—A }-in. thickness gauge is 
pressed between the rolls and the 
parallelism of the rolls at both 
ends of the barrel is checked 
with a 0-008-in. thinner feeler 
gauge, before the pointer drums 
are fixed in position. If set- 
screws are provided with roll- 
pressure gauges, the pointer 

Fig. 29—Pointer drum _ with drums are set at a certain roll 
automatic roll-setting device pressure 
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Fig. 31—Mounting new rolls in the roll-changing 
shop (9-45-14-2 in. dia. « 15-2 in. rolls) 





Fig. 32—(a) When the roll-chock unit on one side has been put on its roll necks the roller-bearings and the 
universal coupling heads are forced up the cone by the S.K.F. pressure-oil method. (6) The rest bars 
of the upper side are fastened in their right positions before the roll unit is tilted up (21-6 in. dia. 


49.2 in. rolls) 





Fig. 33—Double-duo mill rebuilt as alternating 
2-high mill at Halmstads Iron Works, 
Sweden (11-6-14 in. dia. x 23-6 in. rolls). 
The finishing stand is fastened to a bed 
plate by clamps. This design is suitable 
for continuous rolling mills, but not for 
alternating 2-high mills with oval repeaters 
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Fig. 34—(a) Method of obtaining a 3-high universal mill by adding vertical rolls to a 3-high stand. stand 
The vertical rolls are commonly driven by a cylindrical gear on the universal coupling head accord 
(21-6 in. dia. x 49-2 in. rolls). (6) Method of supporting the vertical roll unit and guiding it on rest whip « 
bars, fastened on the middle roll chocks. The vertical rolls are set by three left- and right-hand Be 
screws. (c) The vertical roll unit, in which the two sets of entry guides for the bottom pass are ‘ It is 
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Fig. 36—Double oval repeater in a roughing mill 
with automatic rolling in the first stand In opera 
Fig, 35—The upper entry guides at Det Danske Staalvalsevaerk, Denmark edge A 
are set by a right- and left- - the 
hand screw operated by bevel the mill 
gears from the vertical-roll B and - 
set-screws. The top delivery as show 
guide in the bottom pass is RB : 
fastened to the middle roll are m 
chocks, whereas the bottom B and 
guide is fastened to the possible 
bottom roll chocks. Thus, couplin 
during setting the entry fl —s 
and exit guides follow the at end 
vertical and horizontal rolls, large as 
respectively 
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If the speed of the rod is v ft./min. there is a stress 
§ in the rod of S = yv?/9640 lb./sq. in., where y = 
weight, lb./cu. in. This formula is analogous to that 
of the stress in a flywheel. For y = 0-28 for iron and 
v= 4000 ft./min., S = (0-28 x 4000?)/9640 = 465 
lb./sq. in. For 0-2 in. (6 mm.) square section, P = 465 
xX 0-2? = 18-6 lb. 

The tensile force is thus considerable, and when the 
back end has left stand 1 the loop grows violently 
to the position shown by the broken line, and at the 
same time as the back end rapidly accelerates to the 
speed v,, which is much higher than v. The longer the 
loop when its tail end is released from the preceding 
stand, the greater will be the final velocity, and it 
becomes more difficult to avoid whipping of the 
ends. This is one of the reasons for placing the 
wire-rod trains for the highest speed backwards and 
as far as possible away from the small-section 
train (cp. Figs. 12a and b). In the latter case, the bar 
is accelerated the whole way from stand 16 to the 
loop-regulating repeater. At speeds of about 4000 
ft./min. (20 m./sec.) the bar may throw itself out of 
the repeater immediately after the back end has left 
stand 16. It is thus possible to roll at higher speed 
according to Fig. 12 without being disturbed by 
whip ends. 

It is most important to prevent the violent accelera- 
tion of the back end, which can be done by means 
of a whip channel (see Fig. 13). The rod strikes 
alternately against the upper and the lower semi- 
circular flanges. The whip channel does not cause 
any considerable resistance before the rod has left 
the preceding stand, and the loop, because of its 
centrifugal force, tends to grow. Figure 20 shows a 
loop-regulating repeater for squares which is assembled 
together with a whip channel. Figure 21 shows an 
oval repeater with accessory whip channel. With 
these devices it is possible to roll at 3700-4300 ft./min. 
(19-22 m./sec.) finishing speed on 0-2-in. and }-in. 
(5 and 6 mm.) wire rod (see Fig. 16). No opportunity 
has yet presented itself for testing repeaters and whip 
channels at higher speeds. 


GREASE-BATH COUPLINGS 


Efforts have been made for decades to assure satis- 
factory lubrication of the sliding surfaces of universal 
couplings in hot-rolling mills. After almost 20 years 
of effort this aim has now been achieved. Figure 14 
shows the principle of a so-called grease-bath coupling, 
which has been in operation since the end of 
1950. If this coupling is properly maintained, wear 
on the sliding surfaces is negligible. 

The principle is simply that when the mill is not 
in operation the grease should not flow over the outer 
edge A in, for example, level I, II, or III, depending 
on the position in which the coupling stops. When 
the mill rotates, the grease is thrown out of diameter 
B and fills all spaces between diameters B and C, 
as shown in Fig. 14. The cavities outside diameter 
B are made as small as possible. Between diameters 
B and D, on the other hand, cavities as large as 
possible are made. Oil containers H are made in the 
coupling head and cavities F are drilled along the 
flat end of the spindle to make the oil containers as 
large as possible with the mill at rest. The grease 
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volume of the sector under edge A at rest is thus 
sufficient to fill out all cavities outside diameter B 
at rotation. As a rule, a rather viscous grease is used, 
in which case diameter B can be chosen somewhat 
smaller than the theoretically correct one, because 
all the grease does not run down in the lower sector 
at rest. 

The flat ends of the coupling spindle are made with 
a spherical surface against the outer ring G, and this 
centralizes the coupling spindle and absorbs the forces 
P which strive to prise apart the jaw of the coupling 
head when moment is transferred. The coupling 
spindle is fixed longitudinally by a wooden pin J, 
which is pushed into the hole of the roll neck and 
which would break in case of roll breakage, thus 
constituting a safety device. 

The ring @ with the flanged end K is from the 
beginning mounted on the coupling spindle and is 
always fixed there. On installation the lower slide 
metal N is inserted at the same time as spindle M 
(Fig. 22). The upper slide metal N is inserted and 
rings G and ends K are pushed on to the coupling 
head. By means of screws £ the ring is drawn to its 
final position and is locked by a safety-plate ring, 
which is bent into the recess. 

The assembly and dismounting of the coupling 
heads on the roll neck is nowadays done with the 
S.K.F. pressure-oil method.* As the coupling heads 
are fixed on the rolls and are counterbalanced in the 
mill stand, the weight of the spindle is often so small 
that a spindle carrier may be unnecessary. 


AND ALTERNATING TWO-HIGH 


MILL ROLL UNITS 

As the repeaters for plump leader ovals, for sharp- 
cornered squares, and certain other profiles demand 
a fairly large slope to work reliably, a new design of 
stand has been made (see Fig. 23). The principle is 
that the roll units are lowered on vertical posts, which 
carry the roll unit. In the upper alternating 2-high 
mill stand the bottom roll rests on the offsets of the 
posts and the upper roll can be set. In the bottom 
stand the upper roll rests on the posts and the bottom 
roll can be elevated or lowered by setting. By this 
means the middle roll row is fixed vertically and 
carefully aligned so that very short spline couplings 
can be used. The distance between the stands can 
consequently be reduced considerably, so that the 
perfect inclination for the oval repeaters is achieved. 
Figure 24 shows a small-section train of one 3-high 
stand, 12-2-16-5 in. dia. x 23-6 in. (310-420 mm. 
dia. x 600 mm.), and two alternating 2-high stands, 
11-6-16°5 in. dia. x 23-6 in. (295-420 mm. dia. x 
600 mm.). Figure 25 shows a combined medium 
and roughing mill with two new 3-high roll units, 
19-3-21-6 in. dia. x 49-2 in. (490-550 mm. dia. x 
1250 mm.), and two 3-high stands of the conventional 
type, 17-5-19-3 in. dia. x 55-2 in. (445-490 mm. 
dia. x 1400 mm.). Figure 26 shows how a roll unit is 
lowered on the posts. 

The design of the 3-high roll unit is shown in Fig. 
27. The middle roll chocks are provided with guides 
upwards and downwards to fit the chocks of the top 


THREE-HIGH 





* A, Leufvén: J. Iron Steel Inst., 1954, vol. 176, pp. 
415-423 (this issue). 
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Fig. 37—The top roll with chocks, rest bars, and uni- 
versal coupling heads will in the future be counter- 
balanced with cup springs on top of the set-screws. 
In the middle of the set-screw a deltameter roll- 
pressure gauge has been inserted 


and bottom rolls until the roll unit has been assembled 
on the bearing posts. Every roll chock has two set- 
screws upwards and two downwards, integral in the 
same steel casting as the chock of the middle roll. 
In the top and bottom roll chocks there is for each 
screw a rotating nut, which by cylindrical gears and 
worm gears is driven when the clearance between the 
rolls is being adjusted (Fig. 28), either by hand or by 
motor. Under the nut, the lower surface of which is 
spherical (Fig. 37), a corresponding ring (C) with a 
plane bottom is placed. The nut is commonly held 
radially only by the threads of the screw, but it can 
be supported if required, to set the rolls against higher 
roll pressure. One nut in every chock is provided with 
a shaft and flange and a pointer drum, showing the 
clearance between the rolls. This pointer drum can 
at any time be provided with a special drum with 
dovetailed slots and runners (Fig. 29). The latter 
operates the limit switch, which on automatic screw- 
down stops the motor at the desired clearance. Such 
drums can be pre-set and are easy to replace in 
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connection with altering the thickness of the rolled 
bar. When automatic screwdown is used, the rolls 
can be tightened in succession before each pass until 
the smallest clearance is reached. The rolls then have 
to be opened to the first pass automatically to be 
ready for the next bar. The top roll is set while the 
bar is rolled in the bottom roll and vice versa. The 
top roll is counterbalanced through a staple of cup 
springs, but the counterbalance will be changed in 
accordance with Fig. 37. The cup springs (A) elimin. 
ate the clearance between the set-screw threads, and 
the cup springs (B) hold the spherical ring (C) steadily. 

The bearing posts are provided with offsets on 
which the middle roll chocks rest. The middle roll 
chock is thus fixed vertically and also laterally, and 
the top roll as well as the bottom roll is adjustable, 
In 3-high rolling mills exchangeable washers (A) are 
used on the offsets (Fig. 26), so that the whole roll 
unit can be placed in the high level relative to the 
roller tables that is desirable in every case, considering 
the roll diameter, the groove depth, and the clearance 
between the rolls. The bottom roll with chocks is 
suspended by the set-screws, and the weight of the 
bottom roll eliminates the clearance in the threads 
of the screws. To enable only one end of the roll to 
be adjusted the shaft which connects the screwdown 
device is divided and provided with a clutch (Fig. 30). 
The coupling has teeth with a pitch of 0-0004 in. 
(0-01 mm). One outlet journal on the screwdown is 
provided with a pulley for driving with V-belts from 
the motor. 

The rolls are provided with one spherical roller- 
bearing for each roll neck (see Fig. 38). The roller. 
bearings have tapered seats, and the bearings with 
their chocks are pressed on to the roll neck, to give 
a shrinkage fit.* For dismounting the bearing with 
its chock the S.K.F. pressure-oil method is used. The 
roll chocks are held together as a unit with rest bars, 
cooling-water bars, and sometimes idle bars. ‘The 
bars hold the chocks at a certain fixed distance from 
each other and at the same time keep them as a stiff 
frame, so that the lateral deflection will be as small 
as possible. The radial roller-bearing is free laterally in 
the chock. On this side the labyrinth seals are so made 
that the radial roller-bearing and the labyrinth seal 
are pushed into the radial chock in case of roll breaks. 
Also, the universal coupling head on the radial-bearing 
side is thus pushed laterally in the case of a roll break. 
The lateral movement in relation to the radial-bearing 
box is somewhat greater than on previous roller 
bearing designs, so as to secure the greatest possible 
safety against damage occurring as a result of roll 
breaks. 

The top and bottom rolls are adjustable laterally in 
relation to the middle roll by means of a lateral bar 
(A) (Fig. 38), which is fixed in the posts with screws. 
In normal rolling the bolts are tightened to the bar, 
but when the top and the bottom roll are to be set 
between every pass there are special spacers provided, 
which secure a specific clearance against the lateral 
bar, so that the adjustment bolts are movable upwards 
and downwards in relation to the lateral bar. For 
every roll there is only one bolt for lateral adjustment. 





* A. Leufvén, loc. cit. 
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As the rest bars are connected to the roll chocks 
the former follow the rolls when adjusted. Roll adjust- 
ment between the passes is thus also possible on rolling 





in profile grooves, and it is possible to build in both 
top and bottom delivery guides which follow their 
rolls when adjusted and prevent the rolled bar from 
bending in any direction. 

As the roll housing is eliminated and the roll chocks 
are narrow, the guides and cooling-water pipes will 
be easily accessible (see Fig. 30). Special consideration 
has been given to reducing the deflections. In the 
new design the forces ‘go as a string’ round the 
roller bearings (see Fig. 31). The resilient lengths 
have been reduced to a minimum, and at the same 
time all point and line contacts have been avoided; 
the only contact surface will be found in the threads 
and in both sides of the spacer C (Fig. 37). 





The radial deflections in the new design seem to be 
one-third of the size of the deflections in common 
stands of modern design, and all users who have 
assembled these new stands agree that the tolerances 
of the finished steel are much better than before. 

To give the guides a large space sideways the sur- 
faces inside the chocks have been cut off as much as 
possible without detriment to the efficiency (see Fig. 
30). As a consequence, more of the barrel of the roll 
can be used than in common designs. This is, however, 
most noticeable in wire-rod mills, where the outermost 
groove can be laid as near the barrel end as the 
strength of the outer flange permits. The centre of 
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the outer groove can thus be placed in. (11 mm.) 
from the barrel end for roller guides 12 and 1} in. 
(32 mm.) for roller guides 30 in mills with 9-45- 
14-2 in. dia. 15-2 in. (240-360 mm. dia. « 385 
mm.) roll units. In stands of the type usual up to 
now the barrel lengths are sometimes badly utilized. 

Since one roller-bearing is used per roll neck, it 
can be placed close to the barrel end, greatly increasing 
the strength of the roll necks. As a result of these 
steps with moderate barrel length, short roll neck to 
the centre of the roller-bearing, and round driving 
neck witb the S.K.F. pressure-oi! method for fastening 
the coupling head, the strength of the rolls has become 
more reliable. Breaks in the roll neck seldom occur. 
The use of grease lubrication avoids corrosion fatigue 
in the roll neck. With synthetic-resin bearings there 
is undoubtedly a reduction in neck strength from this 
cause. 

The rolls with their chocks, rest bars, guides, and 
cooling-water pipes are assembled in special roll- 
changing shops, and thereafter the complete set of 
rolls with accessories and coupling heads is trans- 
ported as a single unit to the mill and lowered on 
the vertical posts, until the middle roll chocks rest 
on the offsets of the posts. Thus stands are changed 
very rapidly and test rolling can be reduced to a 
minimum, as adjustment has already been made in 
the roll-changing shop. 

Xecently, Christiania Spigerverk, Oslo, have been 
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Fig. 38—Section through a middle roll chock 
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able to set up the stands with feele 
such perfect roll adjustment barre 
and with sufficiently exact poin' 
adjustment of guides, cooling requi 
water, etc., that it has not been clean 
necessary to roll trial bars for is ab 
gauging, as the first one has 550 1 
been accurate. Other combined 9-45 
rolling mills have also begun to 385 
adopt this method. ae 
When the rolling mills are leave 
intended for small tonnages of Th 
each size, and especially when x 5 
rolling alloy steel, it is neces- univ 
sary to know the roll pressure half 
in order to set the rolls to the venti 
right clearance in advance. In 
Figure 37 shows a roll-pressure can k 
gauge using the deltameter is su 
method, incorporated in the alter 
middle of the mill screw. The inclir 
bearing pressure can be read a 
off during rolling, and when .} result 
adjusting the pointer drum the z] stand 
thickness gauge is inserted "| is, he 
between the rolls, while the 3 wate! 
pressure is increased to the ~} work 
desired roll pressure, as in Fig. g] abou 
30. It is possible to determine t 
the exact roll setting by means > 
of radial deflection curves for 2 Ad 
the mill stands and from the +] uppel 
practical values of both the roll a] Unive 
pressures and the wear of the oo 
roll grooves. However, it is Eg (520- 
very difficult to enforce these , The * 
methods in practice. The small | err g 
rolling stands do not have large with 
enough mill screws to put in a) The » 
deltameters, and another eg} both 
method (eg., strain gauge) | Tight: 
must be used. 7 
The assembly of the roll units my] Tolls 
in the roll-changing shop is vee 
shown in Fig. 31. The rolls sing 
are placed side by side, and the from 
roll-chock unit for one side of throw 
the rolls is pushed on them. shaft. 
The roller-bearings and coup- bevel 
ling heads are pressed on the inelin 
roll necks (Fig. 32a). The rest the he 
bars for the upper side are put guid of 
in place and the rest-bar height fhe. 
is adjusted with a scale (Fig. rire 3 
32b) and tightened. By means erode 
of the crane the roll unit is — 
turned upwards and the rest close 
bars on the other side are a, 
adjusted and tightened. The —— 
lateral position of the rolls is gg 
adjusted and the roll distance a 
is regulated according to Fig. weit 
30 with, for example, a }-in. ae 
thickness gauge which is colours 
pressed between the rolls. A —" 
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Section through the vertical roll unit 
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feeler gauge 0-008 in. thinner is used to check in the 
barrel ends that the rolls are parallel, after which the 
pointer drum is fixed in its correct position. The time 
required in the roll-changing shop, excluding the 
cleaning and dismounting of guides and cooling water, 
is about 6 hr. for 19-3-21-6 in. dia. «x 49-2 in. (490- 
550 mm. dia. x 1250 mm.) unit rolls and 45 min. for 
9-45-14-2 in. dia. x 15-2 in. (240-360 mm. dia. x 
385 mm.) roll units. The time is taken from the 
moment when the roll units enter the shop until they 
leave it. 

The weight of a 3-high roll unit with 21-6 in. dia. 
x 59 in. (550 mm. dia. x 1500 mm.) rolls and 
universal coupling heads is 22-5 tons, which is about 
half the weight of a complete roll stand of con- 
ventional design. 

Instead of being lowered on to the posts, a roll unit 
can be tightened to a bed-plate (Fig. 33). This design 
is suitable for continuous rolling mills but not for 
alternating 2-high mills, as the ideal oval repeater 
inclination cannot be attained. Universal couplings 
must, of course, be used in the middle roll row, which 
results in too large a centre distance between the 
stands. In alternating 2-high trains the use of posts 
is, however, excellent, as the connections for cooling 
water, inspection lamp, etc., will be at a convenient 
working height (Fig. 16). The time for roll change is 
about the same with both designs. 


VERTICAL ROLL UNITS 


Adding vertical rolls to a 3-high stand or to the 
upper stand in an alternating 2-high mill gives a 
universal rolling mill. The design is seen in Figs. 
34a-c, which show a 20-5-21-6 in. dia. x 49-3 in. 
(520-550 mm. dia. x 1250 mm.) 3-high universal mill. 
The vertical rolls with chocks and bevel gears are 
supported and guided on rest bars, which are fastened 
with bolts on the chocks of the middle horizontal roll. 
The vertical rolls run in spherical roller-bearings on 
both ends of the roll (Fig. 39) and are set by three 
right- and left-hand screws, connected to a gear box 
outside the middle horizontal roll chock. The vertical 
rolls are adjusted by a ratchet wrench or through the 
vertical spline shaft (Fig. 340). 

The torque to the vertical rolls is usually taken 
from a coupling head of the horizontal middle roll 
through cylindrical gears to an intermediate spline 
shaft. From this shaft the torque is transmitted by 
bevel gears to the vertical rolls. The vertical rolls 
incline a little outwards so that the bar coming from 
the horizontal rolls will be pressed against the bottom 
guide rollers (Fig. 39) in the vertical roll housings, 
owing to the inclination of the vertical rolls. This 
design is made to secure an absolutely rectangular 
flat bar and has proved to be very efficient. At the 
same time, however, the vertical rolls are placed as 
close to the centre-line of the horizontal rolls as pos- 
sible, which gives a more accurate rectangular form. 
It has proved possible to roll 2—4-in. sharp-edged 
squares direct in universal rolling mills of this design. 
In front of the vertical rolls is built in a bottom 
delivery guide (Fig. 39), resting on the chocks of the 
vertical rolls, and also an upper delivery guide, which 
is fastened in the exit rest bar of the top roll. The 
upper delivery guide follows the top roll on adjusting. 
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Owing to the inclination of the vertical rolls, the exit 
guides need not be adjusted so narrowly as on con- 
ventional universal mills. The bar is kept steadily 
pressed against the bottom guide rollers between the 
vertical rolls. The delivery guide need not be changed 
by varying widths. The guide rollers must, however, 
be changed with certain intervals in the width of the 
bar. 

Owing to the small distance from the vertical rolls 
to the horizontal rolls, the bar must be carefully 
guided sideways on the entry side before the hori- 
zontal rolls. The entry guides (see Fig. 35) are fixed 
to rollers on the rest bar of the middle roll. In order 
that the entry guides may follow the vertical rolls 
exactly at adjustment a shaft has been placed on the 
set-screws of the gear housing of the vertical rolls 
(Figs. 34b and 35). This shaft drives the right- and 
left-hand screws for the adjustment of the entry 
guides. The entry guides are provided with rollers 
to make the entrance of the bar easier and to prevent 
any binding effects, when the entry guides are nar- 
rowly set. These rollers have eccentric shafts for fine 
adjustment of the opening between the entry guides. 

On the entry side between the bottom and the 
middle roll (Fig. 34c) there are two sets of side guides, 
so that there are two lower barrels, one on either side 
of the upper central barrel. The left-hand guides are 
fastened to the left vertical roll and the right-hand 
guides to the right vertical roll. The entry guides 
thus follow the vertical rolls when these are set to 
different widths. 

The exit guides in the bottom position (Fig. 35) 
are fastened in the chocks of their rolls. On adjust- 
ment the entry guides and exit guides follow the 
vertical and horizontal rolls, respectively. 

As the vertical roll equipment is comparatively new 
there are still some details that are not complete, but 
it has proved favourable from the point of view of 
rolling techniques. Every upper 2-high stand and 
3-high roll unit has been provided with machined 
surfaces for the assembly of the vertical rolls. This 
is also done for the stands in the wire-rod mill. 


COMBINED MEDIUM-SECTION, SMALL-SECTION, 
AND WIRE-ROD MILL 

In the entire medium-section mill the rolling speed 
is the same and the loops grow in proportion to the 
coefficient of reduction, as shown in the rolling 
schedules (Figs. 2 and 3). In the small-section and 
wire-rod mills, on the other hand, the number of 
revolutions and the roll diameters are regulated in 
such a way that there is little, if any, loop growth, 
from 0 to 9 ft. 

The principle is thus to reduce as much as possible 
in the medium-section mill with constant speed and 
loop growth, and to roll in the following small-section 
and wire-rod mills at the desired finishing speed, 
without loop growth. In this way all the motors in 
the small-section and wire-rod mills always get about 
the same number of revolutions, independently of the 
rolled size. It is also possible to diminish the field- 
weakening area, which makes the motors stable at 
varying load. 

The temperature difference in the medium-section 
mill between the front and the tail end is to a large 
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extent eliminated in the small-section and wire-rod 
mills by the fact that the hotter front end radiates 
more heat and the colder tail end absorbs more rolling 
heat. For example, a temperature difference of 150° C. 
between the front and the tail end on 7% in. (11 mm.) 
square was reduced to 25°C. on 0-22-in. (5-5-mm.) 
wire rod in the finishing pass. 

For 0-2-in. (5-mm.) wire rod (Fig. 2) all stands are 
used. For }-in. dia. (6-35-mm. dia.), shown in Fig. 3a, 
stands 4 and 5 in the medium-section mill are freed 
for rolling other medium sizes. For thicker dimensions 
the wire-rod trains are freed, so that the three medium- 
section stands and all the stands of the small-section 
mill are used for 0-45 in. dia. (11-5 mm. dia.), shown 
in Fig. 3b, and for still thicker dimensions stands 7-10 
will be idle (Fig. 3c). 

Diamond-shaped grooves are normally used in 
stand 1, to obtain all the squares needed for finish 
rolling of the medium dimensions in stands 4 and 5, 
as shown in Figs. 3a and 6, where stands 4 and 5 
are used for rolling 1?-in. dia. (44-5-mm. dia.) and 
flat spring steel alternating with }-in. dia. (6-35-mm. 
dia.) wire rod and 3-in. dia. (19-mm. dia.) bars. 
The repeaters, shown in Fig. 15a, are normally 
there also when medium sections are rolled in stands 
4 and 5, so that when, for example, } in. dia. (6-35 
mm. dia.) is finished, 1? in. dia. (44-5 mm. dia.) can 
be rolled; groove change can thus be made in the 
small-section and wire-rod mills, after which the 
rolling in the small-section and wire-rod mills is con- 
tinued with, for example, 0-3 in. dia. (7-5 mm. dia.). 

The rolling schedules (Figs. 2 and 3a) for 0-2 in. 
(5 mm.) and } in. dia. (6-35 mm. dia.), respectively, 
have been drawn up for a finishing speed of 3750 
ft./min. (19 m./sec.). If these dimensions are trans- 
ferred to the cooling bed, the speed must be reduced 
to about 2000 ft./min. (10 m./sec.), which is done by 
reducing the voltage in the small-section mill as well 
as in the wire-rod mill. 

When rolling merchant bars, rolling with repeaters 
can begin as soon as the bar is long enough to reach 
from one stand to another. With the normal design 
of the oval repeater between stands 1 and 2 a minimum 
billet weight of 330 lb. (150 kg.) is required for the 
oval after 2-36 in. (60 mm.) square. 

On the square side of stands 1, 4, and 5 there are 
tilting tables, and by stands 2 and 3 there are nor- 
mally tilting-table frameworks with rollers (Fig. 1) 
which can later be completed by a tilting mechanism. 
It is also usual nowadays to plan the roller tables on 
the oval side as a tilting-table framework, as there is 
a tendency to use billets weighing up to 880 lb. for 
the thicker medium sections; in this case it is necessary 
to have tilting tables here also. Cable skid channels 
are, however, made in the floor plates of the tilting 
tables so that the bodywork of the tilting tables can 
be used as normal roller tables until it has proved 
necessary to add a tilting mechanism in one of the 
stands. In this way the cable skids can be used only 
outside the tilting table, as shown in Fig. 40. 


OPERATION OF MILL 


In rolling tool steel the depth of decarburization 
must be as small as possible. To meet this demand, 
the rolling mill should be designed so that a constant 
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weight of stock passes through the mill per minute 
with a minimum of interruptions for size change, 
cobbles, etc. When properly planned, rolling can go 
on without any important interruption resulting from 
the alternation between medium sections and small 
sections or wire rod. ‘The last two stands of the 
medium-section mill are set up for medium-section 
rolling while rolling small sections or wire rod. On 
the other hand, the small-section or wire-rod mill is 
being set up for a new dimension when rolling medium 
sections. Normally, billets thinner than 33 in. square 
are not used, because the risk of decarburization 
during heating is greater at unintentional stoppages. 

On most of the rolled-steel qualities a smooth surface 
is demanded without rolled-in scale or seams and 
scratches. This is ensured by scale-breaking passes 
and roller guides for heavier bars, and for small 
sections and wire rod by rolling with repeaters with 
very little loop growth. The roll diameter in the 
medium-section mill is usually 21-6 in. (550 mm.), so 
as to permit the use of chilled rolls, in the oval pass 
of the first stand, where it is especially important 
for high-grade steel to avoid seams on the rolled steel. 

Owing to the requirements of close tolerances on 
high-grade steel it is not advisable to use continuous 
mills for wire rod because of stretching between the 
stands or with loop deflectors, where some stretching 
is also inevitable at high finishing speeds, owing to the 
need for the rod to be almost straight when the back 
end passes; otherwise a folded-back end or pig tail 
occurs. In continuous rolling mills it is thus impossible 
to avoid completely some stretching of the rod between 
the stands. The front and the back ends are not 
stretched because they run freely between stands and, 
therefore. the dimensions for the rod will vary. When 
rolling with repeaters the stretching can be fully 
eliminated, which gives closer tolerances. 

In the U.S.A. an extra finishing stand is sometimes 
used immediately after the ordinary finishing stand 
to obtain close tolerances. The ordinary finishing 
stand will then give a somewhat wider round section 
and the extra finishing stand, with vertical rolls, gives 
the necessary compensation to secure close tolerances. 
With the roller guides and the new stands which 
deflect so little, it is quite understandable that it is 
possible to obtain such close tolerances that an extra 
tolerance stand is unnecessary. 

Many of the grades rolled have a very limited 
temperature range within which rolling is possible 
(e.g., high-speed steels). These grades thus require 
rolling to take place at a practically constant tempera- 
ture from the breaking-down to the final pass. With 
smaller-diameter bars this requires the final rolling 
speed to be at least 2000 ft./min. (10 m./sec.), but 
preferably it should be 3000-4000 ft./min. (15-20 
m./sec.). 

When rolling with repeaters the same advantages 
are gained as in continuous mills in regard to constant 
and high finishing temperature and short time between 
passes to reduce scaling. Between the intermediate 
mill and the wire-rod trains, where the distance is 
larger, the bar passes through pipes, reducing the 
exposure to the atmosphere and scale growth and 
providing means for cooling the bar, thus reducing 
the temperature rise during rolling, as required by 
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Fig. 40—The latest layout of a combined rolling mill 
for medium and small sections and wire rod ; 
tilting tables are put in on both sides of the medium- 
section train, permitting the rolling of up to 900-Ib. 
billets into heavier sections. If an ingot furnace 
is added, small ingots can also be rolled 
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Fig. 41—Layout of the combined mill for medium and small sections at 
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high-alloy steels. Generally, a high rolling temperature 
is desired because the surface is then less liable to 
form folds, which deteriorate during rolling and form 
seams. To prevent grain growth after coiling at high 
finishing temperatures the wire rod is cooled with 
water in pipes between the finishing stand and the 
rod reels. 

In steelworks for special steels there are often small 
items of high-alloy tool steel which do not always 
demand the same furnace temperature or billet weight 
that is required for the main products. If this is the 
case, it may be convenient to use a portable furnace 
to heat such billets. To satisfy such a requirement 
the first stand in the intermediate mill is made 3-bigh 
and has a normal roll diameter of about 13-5 in. 
(340 mm.). <A portable furnace can be placed near 
this stand where the roughing may be done, and 
afterwards the bar is rolled down by hand or in 
repeaters through the intermediate mill and the wire- 
rod trains. All the repeaters and their supports can 
be taken away to allow hand-rolling of profiles. 
The portable furnace may also be moved to the first 
or the fifth stand in the medium train for rolling small 
items in the last free stands. Beyond the fifth stand 
of the medium-section mill a possible sixth stand has 
been indicated. 
there is an unusual number of small items of medium 
sizes, or if an extra stand for rolling small short ingots 
of high-alloy steel is desired and the ingots, because 
of their shortness or the required drafting, cannot be 
rolled in the blooming mill. All the medium stands 
are equipped with motor-driven screwdown for both 
the top and the bottom rolls and the rolls can be 
adjusted between the passes. This is necessary when 
rolling high-speed steel ingots, which in addition to 
very small drafts also demand many reheatings before 
the ingot structure is broken down. 

Space is also reserved for driving machinery outside 
stand 5 or 6 in the medium-section mill, as it is often 
desirable to decrease the speed in stands 4 and 5 to 
50-70 r.p.m. when rolling heavy medium sections. 
Because of this extra driving machinery the universal 
couplings between stands 3 and 4 are not needed. 

As in the future continuous casting will probably 
be developed and make blooming mills obsolete, many 
small ironworks hesitate to erect new blooming mills. 
Therefore, the medium section can be planned with 
tilting tables on both sides so that, for example, 8-in. 
ingots weighing about 750 lb. (356 kg.) can be rolled 
in stand 1, as shown in Fig. 40. The billets are cut in 
shears (1) and are transferred to the billet hall. After 
scarfing the billets are heated in the billet furnace and 
roughed in stand 2. A light roller table is then placed 
between the tilting device in front of the furnace and 
the roller table in stand 2. A pair of shears (3) is 
necessary after the tilting table of the second stand 
to crop the split ends of, for example, high-alloy steel. 
To free stands 4 and 5 for medium-section rolling, 
alternating with rolling of small sections and wire 
rod, double repeaters can be used between stands 2 
and 3 (Fig. 36). Normally it is not desirable, however, 
to use double passes, as these make it difficult to 


APRIL, 1954 


NEW SWEDISH MILL DESIGNS AND 


This extra stand can be put in if 


LAYOUTS 405 
adjust to desired sections, especially when rolling 
small tonnages of each size. 

In the runout roller table to the cooling bed there 
are hot shears and a hot saw, mainly intended for 
medium sections. The cooling bed (Fig. 18) is designed 
for bars from 0-2 to 6 in. (5-150 mm.) dia. and flats 
up to 12 in. (300 mm.) wide. As it is necessary with 
high-grade steel to obtain bars as straight as possible 
directly from the cooling bed, this is provided with 
notched walking beams. 

Some years ago the combined 
small-section, and wire-rod mills were built with four 
medium-section stands and 4 + 4 small-section stands, 
as shown in Fig. 41. Christiania Spigerverk, Norway, 
and Kanthal, Bofors, and Hallstahammar in Sweden 
have this type of rolling mill. When these mills were 
planned, four medium stands were considered to be 
sufficient, two being intended for roughing down to 
small sections and wire rod and the other two for 
finish-rolling medium sections. Now three roughing 
stands are necessary, because rolling with repeaters 
is already begun on the oval after 23 in. (60 mm.) or 
2 in. (48 mm.) square. In certain cases it might be 
necessary to have six medium stands, if the billet 
weights are greater than 850 lb. (380 kg.), and in this 
case repeater rolling of the oval before 23 in. square 
might be favourable. 

At present, it is preferred to build the small-section 
train with 3 + 2 + 2 stands because heavier billets 
can be rolled without being disturbed by large loop 
growths and so the rolling is more reliable. 
violent throwouts are experienced in the repeaters, as 
the loop growth can be kept almost at zero. The 
stress on the exit guides is less and the exit guides 
can have a larger clearance towards the oval. An 
advantage with 4 -++ 4 stands is, however, that if the 
mill is used a great deal for profile rolling by hand the 
stands are nearer to each other. 

As the rolling with repeaters without twist guides 
is relatively unknown, it is of interest to be informed 
of the practical experience from such a rolling mill. 
The paper by Mr. Riddervold* surveys the guides and 
other details influencing reliable rolling in looping 
mills with repeaters. The paper deals with a mill very 
similar to that shown in Fig. 41; the only difference 
is that the mill in question also has a wire-rod train 
with four stands rolling down to 0-236-in. (6-mm.) 


rod. 


medium-section, 


Less 
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Practical Experience in the Use of Repeaters 
in a Looping Mill 


HEN the new type of looping mill described by 
Norlindh* was introduced, it was important that 
the reliability in operation should not be less than 

that of the continuous rolling mills. The tonnage yield 
of finished bars will in all cases be compared with the 
tonnage of billets used, and the yield in the combined 
mills will be expected to be equal to that of the 
continuous mills, even if the tonnages ot each size 
are much smaller than those ordinarily rolled in a 
continuous mill. 

The thicker sizes, which are rolled by hand, do not 
normally cause any difficulties, but when the stock 
has to pass a large number of repeaters the risk of 
scrap is increased. It is, therefore, appropriate to 
examine the special considerations needed to make 
the repeaters work safely. 


ROLL-PASS DESIGN 


The reduction in the roll pass design should be as 
small as possible. The number of stands and the 
smallest thicknesses to be rolled must be taken into 
account, but in general the reductions have to be less 
than those used in mills with hand-rolling. In the 
latter case large reductions are necessary for main- 
taining heat in the stock, otherwise the finishing 
temperature will be too low. 

A thin breakdown oval that easily stands by itself 
in the square groove, even when wide entry guides 
are used, will be difficult in the oval repeaters and 
should be avoided. The diagram with curves for 
different reductions (Fig. 1) shows that older mills 
often have reductions similar to curve 1, or in rare 





*S. E. M. Norlindh, J. Iron Steel Inst., vol. 176, pp. 
391-405 (this issue). 
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SIDE OF SQUARE S, in. 


Fig. 1—Sizes of breakdown squares in different series 
of reductions for square-oval rolling 
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SYNOPSIS 


The paper gives an account of the factors which affect the 
working reliability when rolling with repeaters in 3-high and 
alternating 2-high mills, and deals in detail with the sizes of the 
reductions, the guides, and the repeaters. 874 


cases to curve 2, which gives the maximum reductions 
for soft iron, reported by Tafel. 

In looping mills with repeaters on both the square 
and the oval sides the reductions should be much 
smaller, preferably not greater than curve 3. For 
0-236-in. (6-mm.) wire rod, 18 passes are used from 
1-57 in. (40 mm.) square, about the same reduction 
as in the Morgan continuous wire-rod mills. 

This reduction can also be used for harder steel 
qualities without danger of overfilling. Another 
consequence of repeater rolling is that the rolling 
temperature is higher than in hand-rolled mills 
because of the greater rolling speeds and the shorter 
loops, which avoids the low-temperature range, where 
the large lateral spread of the hard steels causes 
trouble. 

Overfilled grooves will give an unsteady motion in 
the repeaters and in this way the mill gives a warning 
of overfilling, making it necessary to reset the rolls 
or guides to ensure safe rolling. 


REPEATERS 


The present repeater design makes it easy to roll 
ovals and squares and certain other profiles. The 
use of cast-iron repeaters without moving parts makes 
possible two ways of mounting and keying them to 
the stands. 

It is usual to have three-point support for the 
repeaters; the simplest way is to use the exit-guide 
support as one rest point and to let the floor provide 
the other two. Figure 2 shows a repeater of this type 
for ovals in a 19-3-in. (490-mm.) dia. medium-section 
train. This method of assembling the repeaters has 
the advantage that ordinary floor plates can be used, 
e.g., over a cellar, for inspecting roller-table mech- 
anisms. This simple design has disadvantages, how- 
ever. The thrust from the repeater throw-out will 
affect the exit-guide support and the entry guide, if 
it is not rigidly enough tightened to the rest bar. 
In addition, the alignment of the repeater in relation 
to the mill is affected by the length of the entry pipe, 
and also by a possible spacer between the guide 
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Fig. 2—Oval repeater in a roughing mill from the top 
to the bottom position in the same stand 


support or the entry guide and the rest bar. It is 
also more difficult to change grooves, because the 
repeater must be transferred from the exit-guide 
support before the latter can be moved. 
Nevertheless, the design is suitable for squares and 
breakdown ovals in a roughing mill. The repeater 
throw-out is regulated by varying the length of the 
cover A and by regulating the opening between the 
bottom of the repeater and the bottom of the cover. 
To ensure that the repeater in plan lies at right- 
angles to the centre-line of the rolls, a series of entry- 
guide pipes are needed. It is, in fact, not always 
possible to modify the rolling so that the distance 


» elias eB Ae Fy 


Fig. 4—Fixture for adjusting repeaters 


between the grooves is the same as the span of the 
repeater. The entry-guide pipe should be of the shape 
shown in Fig. 2 to enable the stock to enter the entry 
guides as directly as possible whenever the span of 
the repeater is not the same as the groove distance. 
With S-shaped pipes a breakdown-oval repeater can 
be used for grooves of 11? in. (300 mm.) of the 
repeater span when the length of the guiding pipes is 
5 ft. 8 in. (1725 mm.). 

Figure 3 shows the oval repeaters in a roughing 
mill. The large repeater works on the oval after 
1-57 in. (40 mm.) square, but the other, of the type 
shown in Fig. 2, rolls the oval after 1-14 in. (29 mm.) 
square. 

The other method of assembling the repeaters is 
shown in Fig. 4. The repeater rests on two supports 
attached to the foundation, on which it can be moved 
laterally, and on an adjustable leg in the back end. 
Guide pipes are provided for guiding the stock from 
the delivery guides to the repeater and from the 
repeater to the entry guides. This design has many 
advantages and is used in small-section and wire-rod 
mills, where the breakdown ovals are thin and more 
delicate and are therefore difficult to repeat. The 
forces resulting from the throw-out are taken up by 
supports and do not cause any forces or vibrations 
in the delivery or entry guides, the lateral adjustment 
is parallel, and it is not necessary to use a series of 
entry-guide pipes. It is, of course, an advantage to 





Fig. 3—Oval repeaters for a 19.3-in. dia. roughing mill 
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have a bent guide pipe between the repeater and the 
entry guides when rolling between grooves with a 
distance greatly different from the repeater span, but 
generally a straight pipe can easily be made slightly 
S-shaped without necessitating another pipe length. 
With this design it is also very easy to change grooves. 

In a mill with a greatly varying rolling schedule 
the repeaters are often dismounted and reassembled, 
and to reduce the changing and running-in times the 
repeaters should be adjusted correctly from the 
beginning. This would be simple if the roll diameters 
and the oval sizes were always the same, but they 
seldom are. It must be taken into consideration that 
a thick oval demands a longer straight length in the 
repeater for the throw-out than a thinner oval, that a 
leader oval must have a lower setting of the repeater 
back-end than a breakdown oval, and that the height 
of the repeater supports should be adjusted to the 
roll diameter being used. 

To avoid being dependent on visual adjustment of 
the repeaters, the correct position, found by ex- 
perience for each case, should be marked on a fixture 
so that it can easily be applied again. A fixture for 
this purpose is shown in Fig. 4. The rest bar, which 
always has a fixed position in relation to the roll 
diameter and the roll clearance, is chosen as a base. 
With this fixture the height of the support, read off 
on the middle leg (A) of the fixture, is first adjusted, 
followed by the adjustment of the inclination of the 
repeater at the exterior (C) and interior (B) legs. It 
has been found suitable to have two fixture points 
(B and C) for determining the inclination, as the 
repeater at the reading points is made of rough cast 
iron. The fixture legs are calibrated in inches or 
millimetres above and below the rest-bar level. The 
fixture shown is for oval repeaters, but it is also 
suitable for square repeaters. 

An important detail is the outlet for scale from the 
repeaters. Scale is most inconvenient in the inlet end 
of the repeater, where it can pile up under the guiding 
pipe and gradually raise it. An outlet for the scale 
should therefore be provided at the end of the guiding 
pipe where the scale is collecting. 


ENTRY GUIDES 
Entry and exit guides are very important parts of 
a looping mill. Unlike the repeater itself the guides 





are subject to wear. It is therefore very important 
to have a carefully checked stock of spare guides, 
which are the ultimate requisite for reliable rolling, 

Entry guides for squares into oval grooves may 
either be roller guides or of the type shown in Figs, 
5a and 6. The simplest form of the latter type is 
a box cast in one piece with a constant aperture, but 
the box with changeable side guides (Fig. 5b) has 
many advantages. The box itself is made of steel 
and is divided vertically for ease in manufacture. The 
guides are made of cast iron and fit loosely in the box 
with 0-02 in. (0-5 mm.) tolerance in all directions, 
They are thus easy to change. 

The advantages of this type over the box cast in 
one piece are: easier change of friction guides; easier 
machining when dressing worn parts; and less weight 
of spare parts. A box designed for a 19-3-in. (490-mm.) 
dia. roughing mill will be quite heavy, so that handling 
during assembly must also be considered. The loose. 
fitting friction guides are made with different groove 
depths for different squares. Differences of 0-04 in, 
(1 mm.) are sufficient, since they make it possible 
to alter the aperture by that amount when changing, 
by using guides with the same or neighbouring 
numbers. New guides are always made for the 
smallest groove depth, as the other sizes will auto. 
matically result from dressing worn guides. 

This type of entry guide can be used for squares 
right down to about ? in. (20 mm.), and experience 
shows that in a roughing mill with repeaters from 
bottom pass to upper pass it is possible to roll with 
entry-guide openings narrower than the diagonal 
dimension of the square, both when the square is 
repeated within the stand and when it is repeated 
from one stand to another. This means that the 
square enters the oval groove almost in the centre 
and prevents overfilled oval ends, which may easily 
cobble in the oval repeaters. 

The guide boxes described can also be used for 
oval-to-square reduction. The oval must be a typical 
breakdown oval to be able to stand securely in the 
square groove when it is supported only by the vertical 
entry-guide halves in the guide box. In this case the 
opening should not be more than 0-04-0-06 in. 
(1-1-5 mm.) larger than the thickness of the oval. 
For plump ovals the groove of the guides is made 


(a) Fig. 5—Entry guides for squares and breakdown ovals (b) 
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oval- or diamond-shaped, but in this case it is better 
to use roller guides. 

From a replacement standpoint it is an advantage 
to be able to use the same guides on both sides of 
the roughing mill. The guide spare parts are such a 
large item that any form of standardization is welcome. 

For smaller squares roller guides should be used. 
The entry friction guides are set wide enough for the 
square to enter diagonally. The distance between the 
guide rollers is accordingly set about 0-04 in. (1 mm.) 
wider than the side of the square. 

Roller guides are also preferable for smaller ovals. 
They cause little resistance when entering the square 
groove but nevertheless keep the oval exactly upright. 
For leader ovals the rollers must be shaped to suit 
the oval being rolled; this may be also considered to 
be an advantage for breakdown ovals compared with 
cylindrical rollers. The oval always tends to be 
disturbed by the throw-out of the repeater, and short 
lengths of it can easily turn over in the square groove, 
causing overfilling. 


EXIT GUIDES 
Exit guides are just as important as entry guides 
in a looping mill, and it is the oval pass that must 
have the best-adapted exit guides. Whereas for 


squares the same guide can be used for a range of 


sizes, it is essential to have one exit guide for each 
groove for ovals. To make the operation of the 
repeater reliable the oval exit guides must be suffi- 
ciently well adapted to the groove; it is sometimes 
better to use different guides for the same oval groove 
for specific clearances between the rolls. 
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Fig. 6—Oval exit guides. (a) For roughing mill: top 
and bottom guides rigidly fixed. (6) For small- 
section and wire-rod trains with loose bottom 
delivery guide; the same principle is used for all 
sizes of squares in looping mills 
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Fig. 7—Devices for adjusting delivery guides 


There are two different designs of oval exit guides. 
One has both the top and the bottom delivery guide 
fixed in the guide support, and the other has the 
bottom guide loose and the top guide fixed in the 
guide support. 

The first type is shown in Fig. 6a and is used in a 
19-3-in. (490-mm.) dia. roughing mill. The guides 
give the oval a long good guidance, and it is a great 
advantage to have the top and bottom delivery 
guides identical. The design requires the guides to be 
machined on all sides, and in addition the tongue needs 
to be adjusted by hand-grinding. This makes the 
guides fairly expensive. Assembly must be carried 
out very carefully so that the guides neither press 
too hard on the roli groove nor leave a gap against it. 

The other type, shown in Fig. 6, is the most com- 
mon type of delivery guide for small-section and 
wire-rod mills. The bottom guide rests with one end 
in the groove and will gradually become worn. In 
assembly the height of the guide support may differ 
a little from the correct one without causing any gap 
between the bottom guide and the roll groove. The 
guides are cheap to make, and the only adjustment 
needed is hand-grinding of the roll-groove end and 
of the height of the guide-support end. 

A worn bottom guide should not be pushed forward 
merely by putting a spacer between the guide support 
and the guide. This would create a gap between the 
guide and the roll groove and the bar may jam in the 
guide. To secure good guidance of the oval the bottom 
guide should be grooved in accordance with the oval 
(Fig. 6b). Aperture a should be only 0-04-0-08 in. 
(1-2 mm.) larger than the oval thickness and the 
clearance should be kept as constant as possible right 
up to the funnel-shaped ends which are in contact 
with the roll. 

Only the type shown in Fig. 65 is used as an exit 
guide for squares. The requirements of these guides 
are not so great as for oval delivery guides, as the 
squares safely pass the repeaters even with very wide 
delivery guides. 

The contact surfaces between loose bottom delivery 
guides and the rolls should normally be as large as 
possible to prevent rapid wear. LEarlier remarks, 
especially about the oval exit guides, show that it is 
necessary to check the spare guides carefully. A 
correct drawing in the office is not enough. 

As the delivery guides are subject to the variations 
from the correct dimensions found in cast-iron 
products, adjustment should be made with fixtures. 
The depth of the top guide can be adjusted and 
checked with fixtures of the type shown in Fig. 7a. 
The fixtures for different guides may be combined as 
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Fig. 8—Use of devices for adjusting delivery guides 


shown, so as to reduce the number of fixtures. If the 
height of the supporting end of the bottom guides is 
then adjusted as shown in Fig. 7b the correct clearance 
between the exit guides at their outlet is assured. 

Simple fixtures may also be used for the smooth 
grinding of the roll-groove end and the adjustment 
of the length, but a test device such as that shown in 
Fig. 8 will give a more correct result. The Figure 
shows a section through the roll and guide support. 
Figure 8a shows a bottom guide, ready for testing. 
‘The segment S in Fig. 8b represents the roll with 
groove and can be changed. Here both the length 
of the guide and the contact surface against the roll 
groove can be checked, and it is now possible to avoid 
the mere contact of the point with the groove, which 
arises from over-grinding the clearance at O, which 
often occurs when such a test device is not used. A 
guide with large clearance at O will rapidly be worn 
out of the correct position and need changing. Figure 
8c shows how to check that the top guide has a correct 
contact with the roll groove using the same test 
device. In this case it is not necessary to adjust the 
length of the guides. 

In 3-shift working every groove change is at the 
expense of production, and it is therefore very 
important to reduce this time. Unnecessary loose 
spacers in the guide setting should therefore be 
avoided, together with spacers between the rest bar 
and the guide supports and between the guide sup- 
ports and the bottom guides. It is, however, uneco- 
nomical to discard a worn guide; it should be welded 
to correct length, as shown in Fig. 9, before being 
replaced into stock as a spare part. This is easily 
done with suitable welding electrodes. The length 
can then be finally adjusted in the test device shown 
in Fig. 8. 

Even if all the guides are correct, the results can 
be spoilt if assembly is not done properly. An entry 
guide not in the centre of the oval groove will inevit- 
ably cause a bent oval leading end, which often sticks 
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to the oval entry guides in the next stand. As this 
assembly is carried out at every groove change it is 
essential to have trained men who know exactly the 
degree of accuracy required. 


GUIDE PIPES TO AND FROM REPEATERS 


The delivery guide and the repeater are connected 
by a pipe, except when the repeater is of the type 
shown in Fig. 2, where the outlet channel is in the 
repeater. 

The guide pipe from the repeater to the entry 
guides keeps the repeater in its place, and it is 
necessary to have several pipe lengths with varying 
S-bends. The entry-guide pipe for ovals may be oval, 
whilst the entry-guide pipe for squares is round. The 
latter may have a fixed length, as it is not absolutely 
necessary for the square repeater to lie at right-angles 
to the rolls. 

Repeaters of the type shown in Fig. 4 need both 
entry and exit guide pipes, and the oval guide pipes 
to the repeater require the highest accuracy. 

The guide pipe from the oval delivery guide to the 
repeater may be adjusted to the ovals required, at 
least for breakdown ovals. A range of leader-oval 
sizes can, however, run in the same pipe. A break- 
down-oval pipe should as far as possible be a con- 
tinuation of the oval exit guides, with a small opening 
between the guide and the pipe. The funnel is made 
short and flat so that a violent throw-out in the 
repeater will not cause the oval to buckle between the 
exit guide and the pipe. The pipe is made oval with 
0:08-0:16 in. (2-4 mm.) vertical and 0-2-0-4 in. 
(5-10 mm.) side clearance. The same repeater is 
generally used for ovals of different sizes, and the 
smaller oval guide pipes will not take up the whole 
repeater width. The pipes should in this case be 
provided with an offset so that they rest steadily 
against the outer side of the repeater. 

The oval guide pipes from the repeater to the entry 
guides may also be oval, but their dimensions in 
relation to the oval are not very important. The same 
pipe can therefore be used for several breakdown and 
leader ovals. The pipes for squares may be round and 
can be used for a large range of square sizes. 

The simplest method is to make the pipes from 
standard steam pipes. For the smaller ovals and 
squares it is an advantage to have double-walled 
tubes, which give greater rigidity and weight. For 
the larger sizes double-walled tubes are hardly worth- 
while and for the larger ovals they may even be a 
disadvantage. If large tonnages of mild steel are 
rolled, thin flakes may easily adhere to the tubes and, 
with the good contact between the guide pipe and 
the oval, the temperature on the inside of a double- 
walled pipe will reach the welding temperature, with 
the result that the flakes will be welded to the inside 
of the pipe. Such a pipe may cause inexplicable 
deterioration before the cause is found. The same 
disadvantage occurs with very thick-walled pipes. 

The adhesion of flakes to the inside of the guide 
pipes can be prevented with double-walled water- 
cooled pipes, but these are more complicated to 
manufacture and they need more maintenance. 

The pipes are an important detail in the looping 
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mill. A good identification system is needed and 
there must be a sufficient quantity of spare pipes 
available. 

It is also necessary to have survey schemes for 
guides, repeaters, and pipes which are to be altered to 
another rolled size. This is especially important in 
3-shift working. 


CONCLUSIONS 


By using universal couplings and roller-bearings for 
the rolls and with a correct adjustment of the guides, 
guide pipes, and repeaters, adequate reliability is 
achieved in repeater rolling of squares and breakdown 
and leader ovals. In practice, the most difficult task 
is teaching the rolling staff the necessary accuracy and 





SF 


Fig. 9—Method of welding an extension piece to a 
delivery guide 





the need to have enough accurate spare guides avail- 
able at all times. The only factors which may some- 
times produce a cobble are bad billet surfaces where 
flakes are not removed and pipe ends are not cut away. 
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The New Fagersta Wire-Rod Mill 


Introduction 


HEN the new wire-rod mill at Fagersta works was 
planned the following essential features were 
required. All heavy manual work should be 

avoided and the number of workers should be as 
small as possible. The rolling mill should be suitable 
for rolling wire-rod that would satisfy the highest 
demands in regard to surface finish and tolerances. 
The rolling mill should be able to produce 35,000 tons 
of 0-2-0-236-in. (5-6-mm.) wire rod a year working 
in two 8-hr. shifts. 

To satisfy the first requirement roughing-down had 
to be mechanized and automatically operated. 
Furthermore, rolling in the intermediate and finishing 
trains had to be carried out either with repeaters or 
in a continuous mill. On considering the demand for 
high quality it was found necessary to have a free 
loop formation between the stands and also to use 
modern stands, which permit accurate adjustment of 
rolls and guides, combined with the smallest possible 
deflections. To attain the production desired a high 
finishing speed is necessary, together with large billet 
weights and short roll setting and changing times. 


DESCRIPTION OF THE ROLLING MILL 


The wire-rod mill, which was put into operation in 
1950, is shown in Fig. 1; it consists of a pusher-type 
furnace fired with producer gas for 25 tons/hr. max., 
a roughing mill with two 3-high and one 2-high stands, 
nine wire-rod trains comprising 18 alternating 2-high 
stands, two wire-rod reels, and a hook conveyor. 

The billets are automatically transferred from the 
billet pocket to the billet pusher, which pushes them 
in succession through the furnace. The billets fall 
through the front end of the furnace on to a roller 
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By K.-E. Pihlblad 


SYNOPSIS 
The paper describes the layout and operation of the Fagersta 
wire-rod mill and a detailed account is given of the methods used 
to achieve exact roll setting for the Leufvén mill stands. 865 


table which transports them to the roughing mill. 
The furnace is of the three-zone type with front and 
arch burners. 

Normal billets for 0-216-in. (5-5-mm.) dia. wire 
rod are 3-7 in. (93 mm.) square and 13 ft. 2 in. (4 m.) 
long and weigh 550 Ib. (250 kg.). They are roughed 
down in four passes in stand 1 and in one pass in 
stand 2 to 2 in. (50 mm.) square; the oval following 
the 2 in. (50 mm.) square is then repeated to stand 3. 
On the entry side of stand 1 there is a roller table 
with delivery-guide beams and fall chutes for guiding 
the returning bar. The other side is provided with 
a tilting table with built-in flaps which transfer the 
bar to the following groove. From stand 1 the bar is 
transferred by levers to stand 2 and is fed in by 
means of a roller table with grooved rollers. The back 
of stand 2 is also provided with a tilting table, and 
both tilting tables are operated from a control panel. 
After stand 3 the bar is transferred to the next train 
through tubes and repeaters. 

The two first trains have stands of modified Leuvfén 
design (shown in Fig. 13 of Leufvén’s* paper), and 
the other trains have stands of the design shown in 
Leufvén’s Fig. 10. The bar is transferred from one 
stand to another by an oval repeater. It is directed 
between the various trains through tubes and square 





Manuscript received 9th November, 1953. 

Mr. Pihblblad is rolling-mill superintendent, Fagersta 
Bruks AB, Fagersta, Sweden. 

* A. Leufvén, J. Iron Steel Inst., 1954, vol. 176, pp. 
415-423 (this issue). 
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Table I 
ROLL AND ROLLER-BEARING DATA ( 
Length of Roll Body | Roll Dia. (Nominal) | Roll Dia. (Minimum) ; 
Train No. Relea No. 
mm. in. | mm. in. mm. | in. 
10 1400 55-12 535 21-06 ie ce 23052 K 
23148 KP/K 
11-12 600 23-62 360 14-17 330 12-99 23136 K 
13-16 500 19.68 310 12-21 282 11-10 23130 K 
17-19 350 13-78 285 11.22 257 10-12 23128 K 
Table II 
MOTOR DATA, GEAR RATIOS, AND ROLL SPEEDS 
Motor 
aiatn Mo, gy one ge we 3 Rolls, 
Horsepower | R.P.M. 
| 
10 2 x 750 450- 900 6:1 | 2 95 
11 750 450- 900 3-75:1 1:1 152 
12 350 400-1000 6-41:1 is 75 
13 350 400-1000 3-5:1 | 1:1 138 
14 350 400-1000 2-25:1 | 1:1 221 
15 350 400-1000 1-45:1 | 1:1 345 
16 350 400-1000 | ES | 508 
17 350 400-1000 a21:5 7a 
18 350 400-1000 | 1:1-96 965 
19A 200 800-1600 | 1:1-25 1239 
19B 200 800-1600 | 1:1-4 1358 
| 
Table III 
DIMENSIONS, ROLLING PROGRAMME, NUMBER OF PASSES, AND THEORETICAL PRODUCTION 
Wire Diameter 
nical 0-216-0:236 | 0-240-0-275 | 0-279-0-315 | 0-319-0-374 | 0-378-0-472 | 0°476.0-629 | 0:634-0-787 
ee x Pee (6-1 oe (7-1-8-0 mm.) (8-1 esi) (9-6-12-0mm.) (12-1-16-0 (16-1-20-0 
‘ mm.) mm.) 
10 * * * * * * * 
11 a * * * * OK * 
12 * * * * *~ * * 
13 * * * 7 ~ * 
14 * * * * * 
15 * * * * 
16 * * * * * * 
17 * * 
18 * a * 
19A * * 
19B - * 
Number of passes 25 23 21 19 17 15 13 
Finishing-stand 
speed: 
ft./min. 3940 3540 2950 2360 1770 1180 790 
m./sec. 20 18 15 12 u 6 4 
Theoretical produc- 
tion, tons/hr.: 
Smallest dimension 13-4 14-8 16-6 17-3 18.2 19.3 22-8 
Largest dimension 16-0 19.5 21-0 23-8 28-5 33-7 35-2 
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repeaters, designed in collaboration with Morgard- 
shammar.* In all the stands roller guides of Morgard- 

—— shammar design are used. To obtain the smallest 
: possible temperature difference between the front and 
ne a: tail ends the loop growth is kept small; this is provided 
between the stands in the same train by a suitable 
— 2s choice of roll diameters. Between different trains the 
K nice loop-regulating repeater, described by Norlindh,* is 
KP/K a used. 
K a3 All the trains are provided with universal couplings, 
4 and the trains for higher speeds have grease-bath 
couplings.* The wire rod is rolled at a finishing speed 
eae of up to 4300 ft./min. (22 m./sec.) and is then coiled 
on two pouring reels. The coils are hung on a hook 
H conveyor and loaded on railway wagons after 
i inspection and checking. 
—— | Table I gives roll and roller-bearing data for the 
i} different trains. All the trains are driven by D.C. 
Oy Rolls, H motors which obtain their current from two motor- 
; I a7 generator sets, each having a synchronous motor of 
a J 3000 kVA. Other motor data are given in Table II. 
5 | The wire rod is finished in train 19, 18, or 16, 
2 depending on the wire size, as shown in Table III. 
s 
8 s ROLL ADJUSTMENT 
: * The slight deflection resulting from the fact that 
8 = the roll chocks, made in accordance with Leufvén’s 
y | x design, are prestressed beyond the roll pressure gives 
; i = a very stable reduction condition. The variation of 
3 | = the reduction in the different passes depends, there- 
| z fore, almost entirely on the effect of temperature on 
i = = the spread. By means of the loop regulation described 
=5 2 in the preceding section and the high rolling speed, 
| : the variation of temperature between the front and 
STION | ‘s the tail end is kept within a range of 20°C. The 
' \} Z ~ spread variation is also virtually avoided in this way. 
2) LN. tee | 3 8 Accurate and measurable roll adjustment makes it 
\4 = 8 possible to attain an exact reduction in each pass, 
ag \ | ae *S. E. M. Norlindh, Jbid., pp. 391-405. 
1-20-0 Ps OV. | =. « 
oe J ( 1° g oo c= Os 
nea n | maces Ko | 
* =| \i i «A as SO a4 
Z R) | {hs £4 
+ | {Ua 1O 
| \ 
| | 
. oo 1] 
* =) 7 = 
i _2 
|] 33 
e2 i == 
=e == 
| ae 
13 
- 
190 2 
4 . | 3 
28 
| ae 
8 ™ | 
Wy 3 ‘hee 
~; | Fig. 2—Turning tool with hard-metal tool bits 
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Table IV 
RATE OF GROOVE WEAR 
Wear Rate 
Oval-Groove Stand, Square-Groove Stand, 
Train No. tons/0-01 in. tons/0-01 in. 
13 25-30 80-100 
14 21-28 75-100 
15 20-30 50-75 
16 22-33 50-70 
17 20-30 43-65 
18 18-25 25-38 
19 18-25 18-25 


and the actual reduction steps will be equal to those 
calculated. 

To make use of these possibilities certain basic 
factors must be observed, which in turn influence the 
rolling process. It is important that roll dressing 
should be carried out so that the groove profiles, 
depths, and distances are correct. This can be 
obtained by using multiple turning tools with hard 
metal bits (see Fig. 2). Other possible methods are to 
grind the grooves by means of fixtures or to turn them 
using groove-profile control with profile projector. 

It is also very important to have accurate knowledge 
of the rate of groove wear, so that the roll clearance 
can be adjusted accordingly and the grooves can be 
changed before the area of the rolled section deviates 
from the calculated one. Groove wear is practically 
independent of the rolled material but it depends on 
the quality of the rolls used, on the pressure of the 
cooling water, and on the method of spraying water 
on the roll groove. As these factors are impossible 
to determine exactly, groove-wear tables can be com- 
piled from experience. The rate of groove wear is 
expressed in terms of the quantity of stock rolled 
per 0-01 in. (0-25 mm.) of groove wear, measured on 
the pointer drum of the roll-setting screw. Table IV 
gives the figures found from experience at the Fagersta 
wire-rod mill. For example, if 3 tons have been rolled 
in the oval groove of train 13, the rolls must be 
adjusted 0-0012 in. (0-03 mm.) to maintain the calcu- 
lated reduction. 

As the calculated reduction is kept practically 
constant, groove or roll change can be carried out at 
any time without necessitating resetting of the 
following stands. Certain steps must, however, be 
taken when changing the rolls in the roll-changing 
shop. 

When the rolls are mounted in the stands and the 
bolts of the stands are tightened, the eccentric 
sleeves, the roller-bearings, and the dials of the roll- 
setting device are set to zero. Then the rolls are 
screwed together leaving a clearance of about 0:01 in. 
(0-2 mm.), and a feeler gauge is used to check that 
the rolls are parallel; this can be adjusted on the dial 
of one of the roll necks. The rolls are then unscrewed 
to about 0-05 in. (1-2 mm.) and the clearance between 
the rolls is measured with a wedge gauge. The figure 
thus obtained indicates the clearance between the 
rolls at no roll pressure. As the clearance in bearings 
and eccentric sleeves varies from one stand to another 
and with different roll mountings, it is necessary to 
start with an adjustment pressure considerably 
greater than the roll pressure and then to deduct the 
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Fig. 3—Clearance and deflection in Leufvén stands 


deflection corresponding to the difference between the 
adjustment pressure and the roll pressure. The adjust. 
ment pressure is obtained as a static pressure by 
inserting a wedge between the rolls. This is done 
by placing a lever in the roll neck and turning it by 
hand until the roll stops. The clearance between the 
rolls is then measured again. The figure obtained 
indicates the clearance between the rolls at a setting 
pressure in this case of about 50 tons. Experience 
has shown that if 0-006 in. (0-15 mm.) is deducted 
from the clearance figure obtained, the remainder is 
equal to the value obtained with the roll pressure 
concerned. The dial setting is then corrected for thi: 
clearance, whereupon the dials (and thus the rolls 
are set at the value corresponding to the groove 
section in question. Figure 3 shows how the clearance 
obtained at 0-50 metric tons static pressure can be 
divided into various clearances and deflections. 

The roller guides are set for the required groove. 
The stand is now ready and can be placed in position 
in the rolling mill. If the rolling-mill grooves are set 
in the way described, they will correspond exactly 
to the rolling schedule. When changing grooves in 
a stand the dials are set at a value corresponding to 
the required groove section and the roller guides are 
altered by an amount corresponding to the groove 
distance. 


CONCLUSION 


By using the stand design described, with its possi- 
bilities for exact roll setting, reduced roll-change and 
groove-change times are obtained. Furthermore, the 
starting-up time after such changes is reduced to the 
time needed to check the first rod. As a rule no 
adjustment need be made afterwards. 

In spite of its high coil weight the wire rod satisfies 
the high demands in regard to surface finish ané 
uniformity of grain structure. A good tolerance i 
obtained on the rolled rod, and the wire rod can be 
delivered with a guaranteed tolerance of -+- 0-004 in. 
(0-10 mm.). 
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Roller-Bearings in Swedish Rolling Mills 


and the S.K.F. Rolling-Mill Design 


By Axel Leufvén 


SYNOPSIS 


A short outline of the development of roller-bearing designs in 
Swedish rolling mills is given. The importance of the S.K.F. 
oil-injection method is emphasized, and an account is given of 
modern bearing applications in different types of rolling mill. 
The origin and development of the S.K.F. rolling-mill design with 
preloaded bearing housings is described, as well as the use of this 
design for wire-rod and cold-rolling mills. 866 


ROLLER-BEARINGS IN SWEDISH MILLS 


WEDISH rolling mills started using roller-bearings at 
§ the end of the 1920’s, after S.K.F. had for several 
years been trying out a serviceable design in their 
own rolling mills in Hofors. The first mill, apart from 
Hofors, to apply roller-bearings on mill roll necks was 
Hallstahammars AB, where some of the bearings 
installed in 1929 are still working. The first bearing 
applications for wire-rod and bar mills had two 
spherical roller-bearings per roll neck mounted on a 
common internally tapered sleeve. The bearings and 
the sleeve were driven up and retained on the tapered 
roll neck by means of a round cotter, which fitted in 
a hole in the roll neck. In addition, a further spherical 
roller-bearing was mounted on one of the necks, with 
a two-piece outer ring for adjusting the axial slack- 
ness; it served as a locating bearing. The bearings 
were dismantled with wedges, which were driven 
between the roll body and the inner sealing collar. 





Manuscript received 9th November, 1953. 

Mr. Leufvén is Chief Engineer of the Steel Mill Division 
at Svenska Kullagerfabriken AB (S.K.F.), Géteborg, 
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Fig. 1—Older design of bearing 
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This design, however, proved to have several dis- 
advantages. It was comparatively expensive. Having 
a cotter through the roll neck weakened it, and the 
wedges used for dismantling easily damaged the 
sealing rings. Furthermore, the axial location was 
not altogether satisfactory. During the 1930’s several 
different designs were therefore tried out and, inter 
alia, cylindrical necks were used in several cases 
where the roller-bearings were mounted with a loose 
fit. 

For larger mills (e.g., large 4-high cold-rolling mills) 
two spherical roller-bearings per neck were also used. 
At first the inner bearing was mounted with a tight 
fit on a tapered part of the roll neck, and the outer 
bearing was fitted on a withdrawal sleeve. It proved 
to be very difficult to mount and dismantle these 
large bearings mechanically; when mounting, the 
bearings had to be heated in oil, and during dis- 
mantling steam was blown between the rollers in the 
bearings so that the inner rings expanded and could 
be loosened more easily from the roll neck. A change 
was therefore made even for larger rolling mills, to a 
loose fit between inner ring and roll neck. 

When the new blooming, medium, merchant, strip, 
and wire-rod rolling mills were built (1936-1939) at 
Hofors, all the roller-bearings were therefore provided 
with a loose fit on the roll necks (Fig. 1). A special 
locating bearing fitted in a separate housing was no 
longer used, but instead the axial load was taken up 
by a radial bearing on one of the roll necks. Having 
the locating bearing simultaneously taking up radial 
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load gave better guiding in axial direction. The 
bearings in the four continuous finishing stands of 
the Hofors wire-rod mill, however, were made with 
a tight fit on the shaft. In these stands the rolls are 
fitted on overhung necks, and so the bearings did not 
need to be dismantled when changing the rolls. The 
new blooming mills at Wikmanshyttan, Fagersta, and 
Hagfors, as well as the merchant and wire-rod mill 
at Degerfors, which were built during the first half 
of the 1940’s, were also equipped with spherical roller- 
bearings mounted with a loose fit on the roll neck. 

Despite lubrication of the fitting surfaces with oil 
or grease, the loose fit between the inner rings of the 
roller-bearings and the roll neck causes wear of roll 
neck, bearing bore, side faces of the inner ring, and 
shaft abutment rings. The wear increases with 
increase in speed and may cause cracks in the bearing 
which lead to fracture of the inner ring. At the very 
high speeds that occur in the finishing stands of 
modern wire-rod mills a loose fit cannot be used. 

At the beginning of the 1940’s the S.K.F. oil- 
injection method was introduced, and this provided 
opportunities for improving roller-bearing applica- 
tions in rolling mills. At this time various possibilities 
were being discussed in Sweden for increasing the 
accuracy of the rolled material, especially in regard 
to merchant steel and wire. A bearing design was 
desired which gave little deflection and good axial 
location and allowed rapid change of rolls. Experience 
at Hofors indicated that it was unnecessary to use 
two spherical roller-bearings per roll neck when 
merchant steel and wire was to be rolled in one or two 
grooves simultaneously. An application design 
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Fig. 3—Axial displacement for combined load 


(Fig. 2) was therefore tried out at Hofors, which then, 
in principle, became the standard for most new wire- 
rod, merchant, and medium rolling mills in Sweden. 
One spherical roller-bearing only was used for each 
roll neck. This is mounted and dismantled by means 
of oil injection, which makes bearing changes easy, 
despite the use of a tight fit, and gives a minimum 
distance from the centre-line of the bearing to the 
edge of the roll body, as no space for dismantling 
wedges is required. As the roll neck is short, the 






































































































































Fig. 2—Modern bearing application for wire-rod, merchant, and medium rolling mills 
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deflection is very small. As mentioned earlier, with a 
spherical roller-bearing the greater the accompanying 
radial load is, the better the guidance in axial direction 
will be. Axial guiding is therefore very satisfactory 
with the ‘ single-bearing ’ design. 

Figure 2 shows one of the bearings made with a 
two-piece outer ring. By means of a threaded cover 
the slackness in the bearing can be regulated so that 
it is as small as the speed permits. It has recently 
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been shown, however, that in most cases bearings 
with a two-piece outer ring can be dispensed with. 
The reason for this is indicated by Fig. 3, which shows 
the displacement of the inner ring from the mean 
position in a bearing 22308 resulting from bearing 
slackness and deflection for different ratios between 
the radial load F, and the axial load Fy. It is clear 
from the figure that the axial displacement is practi- 
cally independent of the bearing slackness as long as 
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Fig. 4—Bearings for blooming mill 


APRIL, 1954 


JOURNAL OF THE IRON AND STEEL INSTITUTE 
F 








418 



























































ce 


tome 








AX. 
ie 

} Sy 
ui 





Fig. 5—Bearings for back-up roll 


F,/F q.tgx is greater than 1. The bearing, for which 
Fig. 3 is valid, has tgx = 0-285. For the spherical 
roller-bearings used in rolling mills, tgx lies between 
0-20 and 0-22. Thus, if the axial load is smaller 
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than about 20% of the roll-neck load, it is pointless 
to use bearings with a two-piece outer ring in a design 
of the type shown in Fig. 2, as the bearing slackness 
is of no importance for the axial location. 

Previously, universal couplings were used with the 
rolls provided with flat driving ends. With the ney 
design the coupling head is fitted by means of oil 
injection on a cylindrical driving journal with almost 
the same diameter as that of the bearing bore, and 
the sleeve of the coupling head retains the bearing 
on the roll neck. A cotter through the neck or a nut 
with a split-threaded ring inserted in a groove in the 
neck is thus not necessary. 

The ‘ single-bearing ’ design, whose principle is the 
same as that shown in Fig. 2, is now used in all rol] 
stands of Morgardshammar’s special design,* in the 
continuous trains of the wire-rod mill at Norrbottens 
Jarnverk, and in the special wire-rod and merchant 
stands of 8.K.F. design, which will be mentioned later, 
The ‘ single-bearing ’ design is also beginning to be 
used in special rolling mills, such as Pilger mills and 
other tube-rolling mills. 

Where the load conditions do not allow only one 
spherical roller-bearing to be used per neck, the 
bearing applications shown in Figs. 4 or 5 are used, 





*S. E. M. Norlindh, J. Iron Steel Inst., 1954, vol. 176, 
pp. 391-405 (this issue). 



















































































Fig. 6—Two-high cold-rolling mill 
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Figure 4a shows a bearing design for a blooming 
mill. The inner bearing on each roll neck is fitted 
on a tapered seating and the outer is fitted on a 
withdrawal sleeve. Dismantling and mounting of the 
bearings is carried out by means of oil injection. 
Figure 4a also shows oil-injection ducts in the necks 
and sleeves. The coupling is also mounted and dis- 
mantled with oil injection. When this design is used 
for back-up rolls or, generally speaking, for rolls 
without grooves, the guiding flange in the housing, 
visible on the left of the diagram, is dispensed with for 
the outer bearing. Applications of the type shown in 
Fig. 4a are used for the 3-high Morgardshammar 
blooming mills at Bofors and Christiania Spigerverk, 
the roughing mills, the back-up rolls for the 4-high 
rolling mills and the 2-high finishing mills in the 
continuous hot strip mill at Sandviken, on the corres- 
ponding bearing positions in Hagfors continuous hot- 
strip mills, and for the back-up rolls in a continuous 
cold-rolling mill in Munkfors. It is also used for the 
back-up rolls in most new cold- and hot-rolling mills, 
eg., at Bangbroverken, Svenska Metallverken at 
Vasteras and Finspong, and in the hot-strip Steckel 
mill at Fagersta. 

Figure 4b shows the bearing design for the reversing 
2-high blooming mill with a roll dia. of 1100 mm. at 
Sandvikens Jernverk. The roll neck has a tapered 
seating for both bearings. The bores of the bearings 
form a common taper, and the inner rings therefore 
have different bores. This design gives a large neck 
diameter at the roll body as well as at the coupling, 
and it permits rapid and easy mounting and dis- 
mantling. 

So far it has not been considered suitable from the 
point of view of manufacture and replacement of 
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bearings to apply the design shown in Fig. 46 to roll 
necks of less than 500 mm. dia. Mounting and dis- 
mantling are simple, however, even with a two- 
bearing design, as shown in Fig. 5. The two bearings 
are fitted on a common internally tapered sleeve, 
which is provided with ducts for oil injection. The 
inner sealing collar, which is shrunk on the roll neck, 
and the position of the bearings on the sleeve are 
adjusted so that any unit consisting of two bearings, 
intermediate ring, and sleeve can be driven up against 
the labyrinth collar on any roll neck to give a suitably 
tight fit on the roll neck. [It is therefore not necessary 
to measure the decrease of slackness in the bearings 
or the axial driving up. At the bottom of Fig. 5 
is shown the hydraulic tool used for pressing the 
bearing and sleeve on the roll neck. This design is 
used for back-up rolls in a reversing cold-rolling mill 
at Munkfors, in which the bearings are 600 mm. : 
870 mm. X 270 mm., and in a reversing cold-rolling 
mill at Svenska Metallverken, Finspong, with bear- 
ings 530 mm. x 780 mm. x 250 mm. ‘The same 
design is also to be found in the non-continuous trains 
of the merchant and wire-rod rolling mill at Norr- 
bottens Jarnverk. 

The bearings shown in Figs. 4 and 5 are of the new 
S.K.F. C design. For rolling mills, these bearings are 
made wider in relation to the section height than older 
bearings and their capacity is much higher. This 


design is comparatively new and it has been impossible 
to supply all the mills using bearing applications 
corresponding in principle to those shown in Figs. 2, 
4, and 5 with such bearings. 

In 2-high cold-rolling miils and for work rolls in 
back-up mills, multi-row cylindrical roller-bearings are 
Figure 6 shows a typical application 


used in Sweden. 






Fig. 7—Bearings for work roll 
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for 2-high cold-rolling mills. The cylindrical roller- 
bearings have no cages and the rollers are in contact. 
In this way maximum capacity is obtained but the 
speed is limited. The permissible speed is quite 
sufficient, however, for most 2-high rolling mills; most 
new mills of this type in Sweden are equipped with 
this bearing type, which in some cases is even used 
for back-up rolls. 

Figure 7 shows the usual application for work rolls 
in 4-high mills in Sweden. The radial load is taken 
up by multi-row cylindrical roller-bearings with cages. 
The bearings have a very low section height and 
therefore allow robust driving necks. The axial load 
is taken up on the roll shown in Fig. 7 by two spherical 
roller thrust bearings, but in certain cases other roller- 
bearings are used for the axial location. On the free 
side a spherical roller-bearing or a deep-groove ball- 
bearing is often used, but this serves only to hold the 
cylindrical roller bearing and its housing on the roll 
neck. 


THE S.K.F. ROLLING-MILL DESIGN 


As a result of discussions at the end of the war 
about new rolling mills in Sweden, it was decided by 
S.K.F. to create a rolling-mill design in which the 
qualities and advantages of the spherical roller- 
bearing could be utilized to the full and in which the 
desirability of very little deflection and the possibility 
of rapid roll changing could be achieved. The result 
was the design shown in Figs. 8a and b. The two 
bearing housings on each side of the rolls are tightened 
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against each other with strong bolts with a combined 
force which exceeds the maximum roll-neck pressure, 
This heavy preloading causes all slackness in the 
joints between the housings and the tightening device 
to disappear, and the critical section for deflection 
becomes about equal to the sum of the sections of 
the bolts and the bearing housings. The preload acts 
to a large extent as if the two bearing housings and the 
bolts were in one piece, and the roll pressure is trans. 
mitted from the bearings directly to the connecting 
parts without passing through numerous washers, 
adjusting screws, etc. 

Rough vertical setting, which is only undertaken 
when the rolls are changed and which is done in a 
roll mounting shop, is carried out with the aid of 
shims. The fine vertical adjustment is carried out by 
turning an eccentric sleeve which embraces the bearing 
in the upper bearing housing. The turning is accom- 
plished with the aid of a worm gear. The lower 
bearings are also mounted in sleeves. The sleeve on 
the locating bearing side is equipped with two arms, 
through which pass two axially adjustable bolts by 
means of which the roll can be adjusted in the axial 
direction. 

On the free side the sleeves for both the upper and 
the lower bearings can be displaced in the bearing 
housing and can in the event of roll rupture move so 
much that there is no risk of damage to the bearings 
and the bearing housings. The bearings as well as 
the couplings are dismantled with pressure oil. 

The connecting bolts should have a preload greater 
than the largest roll-neck pressure likely to occur. 












































(a) 


Fig. 8—(a) Experimental pre-loaded stand; (b) bearings for experimental stand 
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To simplify tightening up and to ensure that it is 
sufficient, a device was designed which may be 
called a hydraulic nut. The principle is shown in 
Fig. 9. It consists of a hydraulic jack whose inner 
sleeve is screwed on the bolt and which is provided 
externally with a heavy nut. The bolt is strained 
with the jack until the desired tension is obtained. 
Then the outer nut can easily be drawn up by hand 
without using any tool. When the hydraulic pressure 
is removed, the tension remains in the bolt, since the 
pressure is transmitted from the nut through the 
outer part of the jack to the bearirg housing. At 
first, paraffin was used as the pressure medium, but 
the boxes are now filled with grease and pressure is 
obtained with an oil injector of the same type as that 
used for oil-pressure couplings. By connecting a 
pressure gauge to the pipe which supplies the pressure 
oil it is possible to get a reliable measurement of the 
magnitude of the tension. 

When the rolls are to be re-turned the whole unit, 
consisting of bearing housings, bearings, rolls, and 
piping arrangements, is moved to a mounting shop 
and a new stand, completely mounted, is set on the 
base plate. Ordinary roll stands are usually fixed on 
the base with bolts and nuts. To speed up the 
changing of the stands, the bolts in the new design 
are replaced by an arrangement partly shown in 
Fig. 8a. The lower bearing housing is secured laterally 
by rollers on an eccentric shaft. One end of the 
shaft is equipped with a lever, by means of which 
the shaft is turned so that the rollers press against 
the lower bearing housing. The shaft and the rollers 






































Fig. 9—Hydraulic nut 
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are mounted on roller-bearings, so that it is easy to 
obtain a force so great that the friction against the 
side face of the lower housing keeps the whole stand 
in position. When the roll stand is to be changed, the 
lever is pushed to the side and the stand can be lifted 
up. A change takes only 3-4 min., apart from the 
loosening of the couplings. 

Figure 11 shows an experimental roll stand, made 
for Hofors, photographed beside the stand which it 
replaced. The new design makes possible a large 
reduction in the dimensions. Deflection measure- 
ments carried out on both the stands showed that the 
old stand, despite its large dimensions, deflects nearly 
twice as much as the new. The roll body in the new 
stand is 15°/, longer than that in the old. The experi- 
mental stand gave very good results when rolling, but 
it soon became evident that mounting and dis- 
mantling in the workshop took too long. The trials 
had been followed with great interest by, among 
others, Fagersta, who were interested in using the 
principle in a planned new wire-rod mill. In co- 
operation with Fagersta’s engineers and Professor G. 
Wallquist of the Royal Institute of Technology, 
Stockholm, a modified design was brought out (Fig. 
10). 

The tension bolts are replaced by draw bars of 
rectangular section. ‘These are hinged in a special 
pedestal and on them are screwed guide bars on which 
guide boxes, piping for water-cooling, etc., are located. 
When changing rolls the whole unit, including the 
pedestal, is moved to the workshop. The hydraulic 
nuts are loosened about half a turn. The draw 
with attached equipment can then be swung out to 
the side, and the rolls with bearing housings are then 
free. The change in the design was admittedly 
accompanied by a certain increase in the total weight, 
but on the other hand the time for mounting and 
dismantling in the workshop was brought down to 
only one-fifth of the corresponding time for the 
experimental stand at Hofors. 

The guide boxes are adjustable on the bars and 
can with the aid of a wheel and a long screwed shaft 
be moved quickly and easily from groove to groove. 
Figure 12 shows a complete view of Fagersta’s wire- 
rod mill (see Pihlblad*). 

The roughing mills in Fagersta’s wire-rod mill (two 
3-high and one 2-high) are of conventional design 
and are equipped with two spherical roller-bearings 
per roll neck. The. following two 2-stand trains (11 
and 12) are, as shown in Fig. 13, designed partly in 
accordance with the previously described design with 
preloaded bearing housings. The upper part is, how- 
ever, replaced by a large yoke, in which the upper 
bearing housing can be adjusted vertically with the 
aid of a main screw. The reason for this design was 
that, with a view to a possible future combination of 
the roughing mill of the wire-rod mill with a merchant 
mill, a greater possibility for vertical adjustment of 
the upper roll than that allowed by the design shown 
in Fig. 10 was desired. 

The 2-stand trains (13-19) are all made according 
to Fig. 10, but different sizes are used. Stands 13-16 


bars 





* K.-E. Pihlblad, J. Iron Steel Inst., 1954, vol. 
pp. 411-414 (this issue). 
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have a minimum roll dia. of 285 mm. and a roll-neck 
dia. in the roller-bearing of 150 mm. Stands 17-19 
have a minimum roll dia. of 255 mm. and a roll-neck 
dia. of 140 mm. Figure 14 shows two of the stands 
in operation and Fig. 15 shows a stand mounted in 
the workshop. 

The stands from mills 11-19 are transported on 
bogies to the mounting shop. There the hydraulic 
nuts are loosened and the draw bars with their 
attached equipment are swung out (Fig. 16). The 
rolls, complete with bearings and bearing housings, 
are transported either direct to the roll lathe for 
re-turning or to a mounting bay, where the couplings 
and bearings are dismantled with the aid of oil 
injection. 

Mounting of the bearings on the roll necks is carried 
out with the bearings in the bearing housings. The 
bearing inner ring is driven up the tapered roll neck 
by blows on a mounting sleeve (Fig. 17). The rolls 
are then placed on a bogie, equipped with a table 
which can be raised, lowered, and turned, and are 
transported to a press (Fig. 18). With the aid of this 
pressthe couplings are then mounted. Pihlblad 
describes how the rolls are set for rolling after assembly 
of the stand. 

Preloaded stands of the same design as at Fagersta 
have also been acquired by Sandviken, Wikman- 
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shyttan, and Degerfors. The S.K.F. rolling-mill 
design is also used by Svenska Metallverken at 
Vasteras, who have a mill for copper wire-rod and 
one for aluminium wire-rod. Since, however, the rolls 
for copper and aluminium rolling do not need changing 
so often as for steel rolling, the stands are not made 
with draw bars which can be swung out. The design 
is more similar to the first experimental stand at 
Hofors (Fig. 8a). 

The roughing mill of the copper mill consists of a 
3-high and a 2-high stand of about 400-mm. roll dia, 
The five stands in the ordinary train and the two 
stands in the continuous part have roll diameters of 
250-300 mm. All the stands, even the 3-high stand, 
have preloaded bearing housings. The mills are 
equipped with special repeaters of Metallverken’s own 
design, and the rolling is carried out wholly auto. 
matically. Figure 19a shows the roughing mill and 
Fig. 196 the train. Figures 20 and 21 show preloaded 
stands in the aluminium mill. 

The fine results with preloaded stands in wire-rod 
mills also aroused interest in the use of the same 
principle for cold-rolling. A continuous mill consisting 
of four 4-high stands with 80-370 mm. x 230 mm. 
rolls has been installed at Munkfors. The design of 
the stands is shown in Figs. 23a and 6. The bearing 
housings for the upper and the lower back-up rolls 




















Fig. 10—Preloaded stand for Fagersta 
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Fig. 11—Comparison between conventional and Fig. 12—Wire-rod mill at Fagersta 


preloaded stands 





Fig. 13—Stand for intermediate Fig. 15—Preloaded stand at Fagersta 


mill at Fagersta 





Dismantling a preloaded stand 


Fig. 14—-Two-stand train at Fagersta Fig. 16 
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Fig. 17—Bearing mounting Fig. 18—Coupling mounting 


(a) 


(b) 





Fig. 19—(a) Roughing mill and (6) intermediate train in copper wire-rod mill 
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‘ig.20— Preloaded stand in aluminium wire-rod mill 





Fig. 21—Two alternating 2-high stands in alu- 
minium wire-rod mill 





Fig. 22—-Continuous cold-rolling mill with preloaded stands 
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on each side are bolted together and tensioned against 
each other. The bearing housings of the work rolls 
lie in the window formed by the upward extensions 
of the housing of the lower back-up roll. The work 
rolls are pressed against the back-up rolls by hydraulic 
pistons. The roller-bearings for the upper back-up 
rolls lie in eccentric sleeves, and fine adjustment of 
the roll gap is carried out with a worm gear which is 
dimensioned so that the adjustment can be made 
against the roll pressure. In this case the bearings 
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Fig. 23—(a) Preloaded 4-high mill; (6) back-up roll- 
bearing application 


are mounted with a tight fit on cylindrical roll necks, 
but they can be dismantled with oil injection. Figure 
22 shows the continuous cold-rolling mill. 

Bangbroverken has also acquired 4-high mills of the 
same design. These, however, are laid out in a 
different way. Svenska Metallverken at Finspong 
have two continuous 4-high mills designed to the same 
principle as the Munkfors stands, but with 160-550 
mm. xX 550 mm. rolls. 





APRIL, 1954 


JOURNAL OF THE IRON AND STEEL INSTITUTE 








PAPERS AND REPORTS ON 
RESEARCH AND PRACTICE 





PART 11: METALLURGY - 


PLANT OPERATIONS - 


RESEARCH 








The Future of Steel Melting 


By M. W. Thring, M.A., F.Inst.F., F.Inst.P. 


SYNOPSIS 


The fuel consumed in making steel will absorb an increasing fraction of the cost of the process as fuel supplies 


become scarcer. Hence the thermal efficiency of the process will have to improve. 
To show the relative importance of various factors in improving this thermal efficiency the theoreti- 


just over 20%. 


cal method of evaluatirg the heat transfer in an O.H. furnace developed in a previous paper is applied. 


The best value at present is 


It is 


concluded that the Siemens process could ultimately give a thermal efficiency of about 50°% on cold metal. and that 
the greatest improvement will come by increasing the air preheat, i.e., eliminating unpreheated excess air, and 


improving regenerator efficiency. 


However, the analysis shows that the Siemens process is not the ideal one for 


steelmaking when more than half the raw materials are cold scrap, because it does not make the best use of the 
lower-grade gas heat for counterflow preheating the charge, and because a large portion of the heat has to be sup- 


plied through a thick slag blanket. 


overcome these disadvantages and have a theoretical thermal efficiency of 70°% on cold metal. 


FUEL AND STEEL MELTING 

HE fuel consumption in making 1 ton of iron or 

steel in good industrial practice during the past 

200 years is shown on a logarithmic scale in Fig. 
la; the corresponding thermal efficiencies are given 
in Fig. 1b. At the beginning of this period the process 
of making molten steel in the crucible was introduced 
by Huntsman; at its most efficient this process 
requires about 3 tons of coke to melt a ton of steel. 
In 1856 Bessemer wrote his celebrated paper on “‘ The 
Manufacture of Steel without Fuel”; in 1858 he 
established a steelworks in Sheffield, operating with 
tilting converters and making the steel from Swedish 
pig iron, which was low in phosphorus and high in 
manganese. The Bessemer process had a fuel con- 
sumption that was much lower than that of the 
Huntsman process. However, it does not in fact 
produce steel without fuel as Bessemer claimed, 
because it must be operated with a very high pro- 
portion of pig iron; this requires a much higher con- 
sumption of coke in the blast-furnace than would be 
necessary if a reasonable proportion of scrap could 
be incorporated in the steelmaking process. 

Siemens, like Bessemer, was largely concerned with 
developing a method for steelmaking which would 
result in a radical saving in fuel, and his regenerative 
furnace was first applied to cut down the fuel con- 
sumption in reheating furnaces. Between 1856 and 
1861 a large number of such furnaces were installed, 
but these had direct built-in coal fires. In 1861 
Siemens introduced the separate gas producer, so that 
it was possible to reverse the fuel as well as the air 
supply and therefore to apply the regenerative 
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A continuous-counterflow steelmaking process is proposed, which would 


925 


principle to a poor fuel. This enabled him to obtain 
a reasonable fraction of the energy of the fuel above 
the temperature necessary for melting steel. The 
effect on the fuel requirements of steelmaking of 
introducing this process was instantaneous, as is 
shown by Fig. la; Siemens achieved a consumption 
of the order of 12 ewt. per ton of steel when operating 
entirely on cold pig iron and wrought iron. The heat 
theoretically required to melt 1 Ib. of steel from cold 
and to superheat it to 1600° C. is 310 C.H.U. Thus, 
the theoretical amount of coal of calorific value 6700 
C.H.U./lb. required to melt 1 ton of steel from cold 
materials is 100 Ib. If the steel is made from 50% 
hot metal, then theoretically no fuel energy is required 
for half the steel, as is shown by the Bessemer process, 
and the theoretical coal consumption goes down to 
50 Ib. In terms of heavy fuel oil with a net calorific 
value of 9880 C.H.U. lb. the corresponding figures are 
70 and 35 |b., or 7-4 and 3-7 gal., respectively. 

The curve of Fig. la shows that there was no great 
improvement in the fuel consumption of steelmaking 
between 1880 and 1925. Since 1925, however, the 
increasing fuel shortage has led to a general improve- 
ment in methods of operating the O.H. furnace; this 
has resulted in a very considerable improvement in 
fuel consumption during this period although no major 
changes in method have been introduced. The 
reduction in fuel consumption has been greater than 
the rise in fuel efficiency (Fig. 1b), because at the 
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same time the proportion of hot metal used to make 
1 ton of steel has on average increased considerably 
and this, as discussed above, reduces the theoretical 
fuel requirement. At present, the very best practice 
in open-hearth operation involves a fuel consumption 
of about 15 gal. of oil per ton of steel, which, with a 
50% hot metal, implies a thermal efficiency of 22%. 

When Siemens first introduced his process, many 
experts argued that there was no point in attempting 
to save fuel, since the latter represented such a small 
fraction of the total cost of steelmaking. However, 
Siemens was fully justified in going ahead with the 
development of his new process. In the first place, 
the cost of fuel has risen so much that if steel were 
still made by the crucible process, fuel costs would 
override all other costs; and secondly, in introducing 
his new process, Siemens also made a contribution 
to the ease of making steel and obtaining the necessary 
quality. The purpose of this paper is to show that, 
although the same argument as to the smallness of 
the fuel costs is put forward to-day against improve- 
ments in the Siemens process, this can be answered 
in the same way as Siemens answered it. Thus, an 
analysis of the fuel situation of this country forces 
one to the conclusion that the requirements of fuel 
by an expanded iron and steel industry with an output 
of 20 million tons per year, taken in conjunction with 
the added requirements of coal of an electricity 
industry expanded sufficiently to raise the productivity 
of industry as a whole, would certainly exceed the fuel 
that could possibly be made available by the coal 
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Flame temperatures; (6) roof temperatures 

mines of this country, supplemented by our imports 
of heavy fuel oil. The steel-melting will, 
therefore, have to make a major contribution to fuel 
saving, whether this is economic at present prices or 
not. It is also proposed to show that, whilst the 
Siemens process has by no means reached its limit 
of thermal efficiency, it is, nevertheless, thermo- 
dynamically not the ideal process for steelmaking with 
the fuels now available, and that a more appropriate 
process can be postulated. 


process 


IMPROVING THE O.H. FURNACE 


A theoretical model by which heat transfer in the 
O.H. furnace can be calculated was described in a 
recent paper.! This model was used to show what were 
the likely effects of applying flame control in the 
furnace, that is to say, of adjusting the flame length 
and the emissivity of the flame. Flame radiation 
research at Ymuiden has shown that it is possible to 
control the flame length for liquid fuel or rich gas 
flames within wide limits by controlling the jet 
momentum; there is little doubt that the best flame 
for melting in the O.H. furnace is that which has the 
highest obtainable emissivity (at present this is 
controllable only by changing the fuel type), a length 
such that roof pyrometers at both ends of the furnace 
give an equal reading, and the greatest possible fuel- 
input rate that will just not overheat the roof. Great 
benefits have already resulted from the application 
of these principles. 

The same theoretical model will be used here to 
predict the probable limiting thermal efficiency of the 
Siemens type of process and the effect of improving 
furnace practice in various ways so as to achieve this 
highest possible efficiency. The temperatures along 
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426 THRING: THE FUTURE OF STEEL MELTING 
Table I 
COMPARISON OF THE THERMAL EFFECTS OF DIFFERENT FLAME ALTERATIONS 
Calculated from Heat Transfer Model! 
Thermal Thermal 
Melting Efficiency Efficiency, 
Flame Time, during Melting 
ty Melting, and 3 hr. 
hr. "yy Refining, 
™M +R 
1. Standard flame (short flame, falling emissivity) 8-0 44.3 37-3 
2. Flame control (a) Longer flame, falling emissivity 11-8 30-0 26-6 
(b) Longer flame, high emissivity 7-54 47-0 39.2 
3. Elimination of preheated excess air 6-09 58-0 47-0 
4. Increase of preheat to 1400° C. 5-5 64-0 51-3 
5. (a) Increase slag heat resistance (surface temperature 1600° C.) 9.21 38-5 33-1 
without roof limitation. Fuel-input rate 2000 Ib./hr. 
(b) Increase slag heat resistance with roof limitation. Fuel-input 12-26 38-5 33-0 
rate 1500 Ib./hr. 
6. Insulation of roof and walls 6-53 54.0 44.0 




















the flame, the roof temperatures, and the heat flow 
to the steel have been calculated, using the same 
theoretical model, but with successive alterations. 
The results are shown in Figs. 2a and 6 and in Table I. 
The standard comparison flame is the flame termed 
type 1 in the earlier paper, 7.e., with combustion 
complete in the first third of the furnace and a high 
emissivity at the beginning rapidly falling to a low 
value as combustion is completed. The fuel-input 
rate of 2000 lb./hr. from the earlier paper has been 
used for comparison and the same fuel-input rate has 
been assumed for the different flames in each case. 
Flames 2a and b (Table I) correspond respectively to 
types 3 and 4 of the earlier paper, 7.e., to flame control 
with a longer flame than the standard; flame 2a has 
the same falling emissivity as flame 1, whilst in the 
case of flame 2b the high emissivity is assumed to be 
maintained along the whole length of the furnace. 
Flame 3 has been calculated to show the effect of 
eliminating the 50% of excess air which was assumed 
to exist in the standard flame, while leaving the 
preheat temperature at the standard value of 1000° C. 
Flame 4 has been calculated for the case in which the 
preheat is increased to 1400° C., while the excess air 
remains at the standard value of 50%. This value 
of 1400° C. probably represents the extreme limit of 
preheat that can be obtained as a mean value through- 
out the reversal cycle when the waste gases leave the 
furnace at little over 1500° C. 

Flames 5a and b have been introduced to show the 
disadvantage of the Siemens process, 7.e., the fact that 
a large proportion of the heat has to be pushed through 
a slag of surface temperature little below the limiting 
temperature of the furnace roof. In this flame the 
slag temperature has been taken to be 1600°C., 
instead of 1500° C. as in the standard flame. In the 
case of flame 5a the fuel-input rate has been left at 
the standard value of 2000 lb./hr. but, as the roof 
temperature in this case becomes higher than the safe 
limiting value of 1650° C., such a flame could not be 
used under a silica roof; flame 5b has, therefore, been 
calculated for the case where the fuel-input rate has 
been reduced to 1500 Ib./hr. 

Finally, flame 6 has been calculated to show the 
greatest possible advantage that could be obtained 
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by insulating the roof and walls. In this case the heat 
loss of 2000 C.H.U./sq. ft./hr. assumed in the other 
cases has been considered to be eliminated. There are, 
of course, uncertainties in applying this correction. 
In the first place, the figure of 2000 C.H.U./sq. ft./hr. 
represents more than twice the heat loss that would 
be expected from laboratory measurements of the 
thermal conductivity of silica, and was a value taken 
to give reasonable agreement with published heat 
balances for the O.H. furnace. Secondly, the effect 
of eliminating this heat loss depends very much on 
the fuel-input rate; this was illustrated in the Sankey 
diagrams shown in Fig. 7 of the previous paper,! where 
the wall heat loss corresponded to 24% of the calorific 
input of the fuel when the fuel-input rate was 1000 
lb./hr., to 12% when it was 2000 lb./hr., and to only 
6% when it was 4000 lb./hr. For a constant heat loss 
per hour, the percentage of the fuel energy that is 
lost through the walls is inversely proportional to the 
fuel-input rate. However, the melting times calculated 
for the standard flame are of the right order of magni- 
tude, so that the correction calculated by assuming 
zero heat loss should show the effect sought for 
reasonably well. 

Figures 2a and 6 show the flame temperatures 
along the furnace and the roof temperatures, calcula- 
ted exactly as in the previous paper, for flames 1, 3, 
4, and 5a. From these results the total net heat flow 
over the whole bath area of 588 sq. ft. can be calcu- 
lated, and from this the melting time, t,,,, may be 
obtained by the formula given on p. 388 of the previous 
paper. These melting times are tabulated in the 
second column of Table I, whilst the third column 
gives the ratios of the total heat required to melt the 
steel (assuming 100 tons of cold metal) to the total 
energy of the fuel input during the melting time. 

Since the actual steel-melting process involves a 
refining period, during which the increase in sensible 
heat of the steel is effectively negligible (it has already 
been assumed that for melting the temperature was 
brought to 1600° C.), a correction must be made for 
the heat input during refining in calculating the overall 
thermal efficiency of the process. This correction has 
been made by assuming that the refining period taken 
is 3 hr. and requires a fuel-input rate of one-half of 
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THRING: THE FUTURE 
the maximum, 7.e., 1000 lb./hr. The thermal efficiency, 
allowing for this extra fuel, is given in the last column 
of Table I. 

From these calculations the following conclusions 


can be drawn: 


(i) The ultimate thermal efficiency with the best 
possible Siemens—Martin furnace would be of the 
order of just over 50%. This conclusion follows 
from the fact that the thermal efficiency of 37% of 
the calculated standard flame is already about twice 
that in the best practice at present. Increasing 
preheat to the maximum possible value of 1400° C, 
increases the expected thermal efficiency to 51%. 
If the advantages of eliminating excess air and of 
complete insulation of roof and walls were combined 
with that of increased preheat, a somewhat greater 
benefit would be obtained; it seems unlikely, how- 
ever, that the value of 50% could be exceeded. 


(ii) The greatest improvements in thermal effi- 
ciency will be obtained first by increasing preheat 
temperatures and next by eliminating excess air. 
‘False air’ leaking into the furnace reduces the 
efficiency, both because it increases the excess air 
and because it reduces the effective preheat tem- 
perature, as this ‘ false air’ has not been through 
the checkers. It therefore has a doubly harmful 


effect on thermal efficiency. 











Fig. 3—Siemens furnace for making steel from ore 
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(iii) The adverse effect on fuel efficiency, and still 
more on the melting rate, of increasing the working 
surface temperature of the charge when the roof 
temperature is limited is illustrated by the case of 
flame 5b. It is not possible at present exactly to 
predict the slag surface temperature, but it is quite 
clear from these calculations that a great deal of 
heat is lost because of the small temperature dif- 
ference between the roof and the slag surface. If 
a method of stirring the slag and metal were 
developed, it would greatly reduce the temperature 
gradient through the slag and thus increase the 
heat transfer as well as accelerate the chemical 
reactions. 


POSSIBLE NEW LINES OF DEVELOPMENT 

The regenerative furnace has the system of preheat 
nearest to theoretical perfection, giving the possibility 
of a preheat temperature equal to that at which the 
waste gases leave the furnace. It is, therefore, the best 
possible system for the case in which all the heat is 
required in the furnace at a maximum temperature. 
On the other hand, it has the following disadvantages: 


(i) The best possible regenerators do not bring 
back more than about 70% of the heat that left 
the furnace. Hence there is a very considerable 
theoretical advantage in using at least part of this 

_— . 
lower-grade heat for the lower-grade part of the 
# . . . . I 
process, t.e., the preliminary heating of the scrap.* 


(ii) During the last stages of the melting process, 
the latent and sensible heat must pass through slag 
and molten metal to the remaining solid metal at 
the bottom of the bath. A very high thermal 
resistance is thus interposed between the flame and 
the metal, which means either that the gases must 
leave the furnace considerably above the tempera- 
ture of the unmelted metal, or that the fuel-input 
rate must be cut back to avoid overheating the roof, 
whereupon the wall heat losses begin to absorb a 
greater proportion of the energy. 


(iii) When the regenerative principle is used, the 
furnace ports must serve the double function of 
inlet and exit ports. This means that flame 
control is greatly handicapped, because the areas 
and shapes of ports which are best for intro- 
ducing the air are never identical with those which 
are best for removing the waste gases. Moreover, 
the inlet ports are subject to severe erosion when 
they serve as ports for removing the waste gases. 





* Siemens recognized this fact, as is shown by the 
following quotation:® ‘“‘ The scrap is cut into lengths of 
about six feet, [which] are introduced into the furnace 

. So that their ends rest upon the sand bottom forming 


the bath... . z About 6 ewt. of grey pig-iron is introduced 
... As soon as a bath of pig metal is formed, the [scrap] 
begins to dissolve, causing the bars gradually to descend. 


... A regulated quantity of flame is allowed to escape 
from the furnace, to heat the descending [scrap before it 
enters] the melting-chamber, . . . to maintain the high 
temperature of the furnace. The escaping products of 
combusticn, which are thus withdrawn from the 
generators, are a positive gain to the heat of the furnace, 
because, having been in contact with comparatively cold 
metal, they would a heat inferior to that of the 
upper portions of the regenerators, and would therefore 
only lower their temperatures.” 
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Fig. 4—Siemens rotating steel furnace 


These disadvantages of the regenerative system are 
accentuated when a rich fuel such as oil or coke-oven 
gas is used instead of producer gas; with a rich fuel 
the necessary flame temperatures can be produced 
with a much smaller amount of preheat, and only the 
combustion air and not the fuel is preheated. The 
heat capacity of the preheated material therefore 
becomes considerably less than that of the waste gases. 
This reduces the fraction of the waste heat carried 
out of the furnace which can be returned, even when 
the regenerators are working perfectly and bringing 
the air up to the same temperature as the waste gases. 
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Fig. 5—German recuperative furnace. 
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Siemens himself did not regard his regenerative fur- 
nace as the final answer to fuel economy in steel 
melting, and Figs. 3 and 4 show two furnaces on which 
he worked after he had established the simple re. 
generative system.” * Figure 3 shows a combination 
of O.H. and blast-furnace, which he built to make steel] 
direct from ore. The ore was fed into the firebrick 
hopper and then reduced by producer gas blown down 
the central pipe, the necessary heat being supplied 
by a portion of the furnace gases passing up the 
outside of the brick tube A. Figure 4 shows a rotary 
regenerative furnace, 7 ft. in dia., fired with a horse. 
shoe flame at one end, which was also built and 
operated to make steel direct from ore, 1 ton of good- 
quality steel balls being made in 43 hr. This furnace 
was made rotary for metallurgical reasons; however, 
it also solves the basic problem of the simple O.H. 
furnace of getting the heat through to the material 
at the bottom of the bath without overheating the 
roof, by continually carrying the roof under the bath. 

For five years just before the war another attempt 
to improve the Siemens system was made at the 
Ruhrstahl A.G.,* using a 20-ton O.H. furnace fired 
with coke-oven gas. The idea here was to replace 
regenerative preheat by recuperative, with a heat- 
resisting steel recuperator capable of taking the waste 
gases at 1050°C. and preheating air up to 900° C.; 
the actual preheat obtained was 680-750° C. At first 
sight this represents a retrograde step, since the 
preheat that can be obtained is considerably less than 
that possible with a regenerator, and the results given 
above show how important it is to have the highest 
possible preheat in the batch-type O.H. process. 
However, the argument was that the improvement 
in combustion control, ¢.e., rapidity of gas and air 
mixing, and in the direction of the flame, which would 
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430 THRING: 
be possible by having a one-way burner that served 
solely as a burner, would more than offset the loss of 
preheat. The strong influence of flame length on 
efficiency shown in the previous paper? confirms this 
possibility. Further advantages were to be the 
improvement in the control of the furnace atmosphere 
and almost complete elimination of ‘false air.’ To 
bring the temperature of the waste gases from the 
furnace down from 1700° C. to the value of 1050° C. 
that the recuperator would stand, a 250 lb./sq. in. 
water-tube boiler was installed between the furnace 
and the recuperator. The cycle was, therefore, one in 
which high-grade energy was used for another purpose 
than directly for steel production. In the first experi- 
ments there were two burners in the end wall, two 
in the roof, and two in the back wall. The part of 
the roof nearest to the end burner was of silica, whilst 
the part nearest to the outgoing end of the furnace 
was of Radex basic brick. Figure 5 shows the third 
rebuild of this experimental unit, and Fig. 6 shows a 
design for a new furnace based on the experience of 
this work. In this case the burners are in the end 
wall only, the furnace is made very nearly square 
with only two charging doors, and there are elaborate 
arrangements for removing dust from the waste gases 
before they reach the recuperator. The experiments 
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on the recuperative furnace operating with 48% liquid 
‘Stahleisen’ gave a thermal efficiency of 12-4%, 
whilst at the same time 27-4% of the calorific energy 
of the fuel was available as high-pressure steam. In 
comparison, the regenerative furnaces of the same 
size in the same shop had a thermal efficiency of 
11-75%. The expectation that improved flame control 
could give an increased thermal efficiency in spite of 
the lower preheat temperature was thus justified. 


Continuous-Counterflow Steel Melting 


This line of improvement leaves unaltered two of 
the basic weaknesses of the Siemens process, 7.e., the 
problems of transmitting the heat to the unmelted 
metal at the bottom of the bath and of increasing the 
fraction of the heat in the waste gases leaving the 
furnace which is used for the main process of steel 
melting. Figures 7a and b show a proposed process 
whereby all these disadvantages are eliminated. This 
is a continuous-counterflow steelmaking process, fired 
at one end with one-way coke-oven gas or oil burners 
operating with air preheated to 750° C. in a recuper- 
ator. The horizontal chamber acts purely as a refining 
chamber. The system has been calculated for a 
30 ton/hr. output, for 100% cold metal (Table II), 
and for 50% hot metal (Table III). The steel flows 
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Fig. 7—(a) Continuous-counterflow steelmaking plant; (b) alternative counterflow melting end 
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% liquid Table II Table III 
9. . + + TT . ' 
12-4%, CHARACTERISTICS OF 30 TON/HR. CONTINUOUS CHARACTERISTICS OF 30 TON/HR. CONTINUOUS 
c energy STEEL FURNACE, 100% COLD METAL STEEL FURNACE, 50% HOT METAL 
am. In 
he same Refining Bath Refining Bath 
iency of Area of 15 ft. x 67 ft. refining 1000 sq. ft. Heat required | to melt 50 2-35 x 10° C.H.U./hr. 
> control bath scrap (50 C.H.U./Ib.) and 
ee ite of Throughput of molten steel 30 tons/hr. superheat scrap and pig iron 
Spl eo Heat required by steel to melt 4-02 « 10°C.H.U./hr. (10 C.H.U. Ib.) , 
ified. and superheat (60 C.H.U. Ib.) Wall losses, as for 100°, cold 3-73 10° C.H.U./hr. 


Wall losses from 2000 ft. x 28 3-73 » 10°C.H.U./hr. _,, metal : : ' 
ft. x 67 ft. refining bath Total heat required above 6-08 » 10°C.H.U. hr. 


l Total heat required above 7-75 x 10°C.H.U./hr. _ 1530" C. ; 

two of 1530° C. Gas-input rate required, n 52,400 cu. ft./hr. at 
7.€., the Heat available above 1600 C. 116n C.H.U./hr. N.T.P. 

nmelted in combustion products from Scrap Heating Column 


n cu. ft./hr. of coke-oven gas 


burnt with 1-2 » theoretical Heat available in products of 


sing: the 





ving the air preheated to 750° C. combustion of n cu. ft./hr. - om ; 
of steel Heat supplied in 1-2 »« theor- 91n C.H.U./hr. below 1600° C. 13-25 < 10°C.H.U./hr, 
process etical air preheated to 750° C. Heat required in column to 
d, This per n cu. ft. of gas heat 15 tons/hr. of scrap to : - 
ee ieee Heat available in combustion 253n C.H.U./hr. 1530° C. 8-4 x 10° C.H.U./he. 
288, . eat lost from column : 'C.H.U./hr. 
ass, fired products below 1600° C. : Heat lost f : 1 0-8 10° C.H.U./F 
burners Calorific value of n cu. ft./hr. 278n C.H.U./hr. Hence heat left in products of - ee 
recuper- at N.T.P. of coke-oven gas combustion at top of column ae a hr. 
» oe P “US ; 
refining Gas-input rate required to give n = 67,000 cu. ft./hr. Temp. of gases leaving column = => 09 — 9-458 
d for a necessary heat! above 1530° C. at N.T.P. 490°C 
able Il), These pass to first-stage air heater; if this is 80°), 
el flows Scrap Heating Column efficient (temperature efficiency) it will heat air to 
390° C. 
H ‘ 
a) pod does nig gpg oy Sg Second-stage air heater must heat air from 390° 
i below 1600° C 4 ==46-9 x 10° C H U hr to 750° Crs 1.e., to supply 0-121 » 52,400 < 360 C.H.U. 
. = ‘ .H.U./hr. -28 x 10°C.H.U./hr. 
Heat required in column to " ‘ ernest en vn 
heat 30 tons/hr. to 1530°C. Assuming 80°, efficiency, second-stage air heater 
(250 C.H.U./Ib.) =16-8 x 10°C.H.U./hr. —- Tequires cr nee 
Heat lost from column, 10% Total heat input = a < 10° C.H.U./hr. 
° ee a, +45 
of useful heat 1-7 x 10° C.H.U./hr. Thermal efficiency ‘a ad = x 100 = 55-6% 


In this case it is necessary to burn 20° more fuel 
with cold air at the base of the column 


Then total heat to column =16-9 x 10° + 13,400 x 278 through the refining chamber in 2 hr., since the thinner 








=20-6 x 10° C.H.U./hr, slag and shallower bath possible with a continuous 
Temperature of gases _ (20-6 — 18-5) 10° system will considerably accelerate the refining 
leaving column ~ 80,000 x 0-158" reactions. 
— =170°C. In the case of 100°, cold metal, after maintaining 
Pass straight to stack. the temperature in the refining chamber, the gases at 
Hot gas velocity at base 67,000 6-18 1873 the far end provide the latent heat for melting the 
of column (5-ft. radius, ~—7g-¢ ; x 373 incoming scrap and then, supplemented by 20% more 
half area free) —72 ft./sec. gas burnt with cold air, pass up through a counterflow 
, heating column, which they leave at a temperature 
Height of column to carry _75 x 4:5 x 2 of about 170° C. They are drawn through the counter- 
Sg POs ey Te ee 78-6 flow heating column by a powerful induced-draught 
— fan. If a system of this type can be made to work, it 
b) Presto becomes necessary to have an air heater separately 
. ails ita ileal as tee fired with coke-oven gas to preheat the combustion 
quired to hea ‘ ; ‘ nee: 
air to 750° C. —91 x 67,000 air for the main gas supply to 750° C. This preheater 
=6-1 x 10°C.H.U./hr. —€an, however, be given a very high overall efficiency, 
4 Gus required for preheater, since it is fired with clean gas; in the calculation it is 
assuming 80%, efficiency '—7-6 x 10°C.H.U./hr. | 2SSumed to have an efficiency of 80%. 
=27,500 cu.ft./hr. at Details of the calculation of such a system for 
N.T.P. making steel from 100% cold scrap are given in 
Heat Balance Table II, making assumptions exactly equivalent to 
Gas heat input to refining bath—18-6 x 10°C.H.U./hr. those made in the calculation for the O.H. furnace 
Seas » 95 column = 3-7 x 10°C.H.U./hr. as far as wall heat losses and heat-transfer conditions 
» 9 9» 9 Preheater = 7-6 x 10° C.H.U./hr. are concerned, but assuming that with one-way firing 
ell steel (310 C.H.U./Ib.) =e 2 re GLU hr. good combustion can be obtained with only 20% of 
20-9 excess air, as was found in the German recuperator 
Thermal efficiency =39.9 * 100 experiments. The overall thermal efficiency of the 
d =70% process of melting and refining is found to be 68%. 
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This considerable increase in the thermal efficiency, 
as compared with the values given in Table I, is due 
to the use of the heat below the maximum working 
temperature to heat the incoming raw material in 
counterflow, and to the fact that the need to push heat 
through to the bottom of the steel bath is eliminated. 

There are further advantages of this system over the 
present Siemens furnace; for example, the refractory 
wear should be greatly reduced, because each part of 
the furnace is specially designed for one purpose only 
instead of the one chamber having to be used to 
take the cold scrap, melt it, and refine it. The metal- 
lurgical conditions should be very much improved 
over those in the present O.H. furnace, because the 
gases are fully burnt long before they come in contact 
with any metal, so that even with high-sulphur fuels 
sulphur pick-up can be almost completely eliminated. 
The output of the furnace per unit heating surface 
should be considerably greater than with the present 
type, because there is no need for the reaction to 
proceed by diffusion through thick layers of slag and 
metal. Another very considerable advantage is the 
elimination of large charging doors. The furnace has 
been designed with a slag bridge similar to that used 
in glass tanks, so that the first slag can be skimmed 
off and a second one built up for the final refining 
to give a very high-quality steel. The fettling process 
in a furnace of this type would be carried out by 
stopping the charging completely and cutting down 
the fuel-input rate. The total time for metal to go 
through the furnace is 24 hr. in the column and 2 hr. 
in the refining chamber, so that in 4} hr. the furnace 
would be empty and the hearth could be patched up as 
required. Such a fettling process could, however, be 
less frequent that in present practice, because of the 
elimination of cold metal on the bottom of the bath. 

If the furnace is used with a high percentage of hot 
metal, the thermal efficiency will be lower (Table IIT). 
However, it will not be reduced as much as in the 
case of the present O.H. furnace, because the waste 
gases resulting from a fuel-input rate sufficient to 
maintain the heat in the refining chamber will have 
considerably more energy than is needed to preheat 
the charge of cold scrap; they will therefore leave the 
top of the scrap-heating unit at a fairly high tempera- 
ture. In this case the preheater would be in two stages, 
using the waste gases from the top of the scrap- 
heating unit to heat the first stage. This system would 
be closely similar to the German one, except that the 
high-pressure boiler is replaced by a counterflow heat 
exchanger. In the case of a furnace with a high 
percentage of hot metal, some lancing with air or 
oxygen in the first part of the refining zone might 
be necessary, but here again the great advantage of 
the continuous process would be that one part of the 
furnace would always be used for this particular 
process. The scrap in the tower would act as a dust 
collector and return iron oxide and lime dust to the 
furnace. 


Other Processes 


The possibility of the direct application of atomic 
energy to steel melting is at first sight another 
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attractive idea, since the steel-melting process requires 
high-grade energy and atomic energy is liberated at 
an extremely high temperature. Thermodynamically, 
it is certainly preferable to use atomic heat to melt 
steel at 1500° C. rather than to use it to produce steam 
at 300°C. A small atomic heating unit can be 
envisaged which would produce energy sufficient to 
melt and refine a charge completely; however, the 
difficulty of eliminating radioactive waste products 
from the steel and the furnace appears to be insuper- 
able. 

The only other potential improvement in the ther- 
mal efficiency of the steelmaking cycle lies in the 
direction of making use of the sensible and latent 
heat of the molten steel after it is made. In the case 
of ceramics or coke making, where cold products are 
required, it is clearly a great improvement in thermal 
economy to use the sensible heat of the material, 
after it has reached the maximum temperature of the 
required cycle, to preheat the combustion air. In the 
case of steelmaking, a considerable fraction of the 
sensible heat of the ingot is used to keep the ingot 
at a temperature necessary for rolling. Nevertheless, 
the normal fuel consumption in soaking pits is about 
equal to the sensible and latent heat of the molten 
steel; there would therefore be a considerable fuel 
saving if the ingots were cooled while preheating 
combustion air for the melting process, and were then 
reheated for rolling as required by a continuous 
counterflow pusher device, which could achieve an 
efficiency of the order of 60%. Such a development, 
however, represents a stage subsequent to the counter- 
flow system discussed above. 


CONCLUSION 


It can be concluded that the Siemens O.H. furnace 
could be brought up to an overall thermal efficiency 
of the order of 50% by various steps, of which the 
most important are an increase in the efficiency of 
the regenerators to give an air preheat temperature 
of 1400° C. and the elimination of ‘ false air.’ Beyond 
this the Siemens furnace cannot go, because it does 
not provide the ideal temperature cycle for the heat 
requirements of steelmaking. An improved system 
based on the counterflow continuous principle could 
give efficiencies up to 70% with a 100% cold metal 
process, corresponding to a fuel consumption of 0-99 
x 10° C.H.U./ton. With a 50% hot metal process 
the efficiency could be up to 56%, corresponding to 
a fuel consumption of 0-62 x 10° C.H.U./ton. 
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By Kehsin Kuo 


Metallography of Delta-Ferrite 
Part I—EUTECTOID DECOMPOSITION OF DELTA-FERRITE 


SYNOPSIS 


The 6-ferrite in a high-molybdenum steel that has been heated to 1200-1300° C. was found to decompose in a 


he ther. eutectoid manner within the temperature range 900-1150° C., giving austenite and the Fe,Mo,C€ carbide which is 


in the here called 6-eutectoid. The morphology and kinetics of the formation of this eutectoid have been studied by 
1 latent continuous and isothermal transformations, and the formation has been found to be a nucleation-and-growth 
the case process with the Fe,;Mo,C carbide as the nucleating phase. The transformation diagram has been plotted, and displays 
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the common C shape of the pearlite reaction. 
mation of this eutectoid and that of pearlite. 


Special attention has been paid to the parallelism between the for- 


Besides this eutectoid decomposition of 8-ferrite, two closely related reactions also occur. As more austenite 
is formed from 6-ferrite, the austenite retained from high temperatures becomes unstable and later transforms allo- 


tropically into ferrite. 
overlapping the 6-eutectoid transformation. 


At lower transformation temperatures a general precipitation of Mo,C€ occurs in 6-ferrite, 
These two reactions also have the C-type transformation diagram. 


It is suggested that the slow diffusion of molybdenum is the controlling factor for these three internally con- 


nected transformations. 


It was expected that any alloy element which forms a special carbide and at the same 


time promotes the formation of 6-ferrite—as do Cr, W, and V— would make the formation of this 5-eutectoid 


possible, and this idea was confirmed experimentally. 


Introduction 


HE allotropic form of iron existing at 1403° C. and 

higher temperatures is commonly called §-iron. It 

was first observed thermally by Osmond! and 
magnetically by Curie.2 Westgren and Phragmén,? 
using a high-temperature X-ray technique, later 
showed that crystallographically $-iron does not differ 
from a- and B-iron, all of them having a body-centred 
cubic lattice. Unlike 8-iron, the term $-iron is still 
in use, mainly because it indicates a high-temperature 
phase, which is separated from the low-temperature 
a-iron by a face-centred cubic y-iron. 

The effect of dissolved foreign atoms on the allo- 
tropic transformations of iron has been classified by 
Wever‘ according to their positions in the Periodic 
Table. On the one hand, C, N, Mn, and elements of 
Group VIII widen the temperature range within which 
the y-iron is stable, and the content of these elements 
is higher in the y-iron than in «- or §-iron. On the 
other hand, elements of Groups IV, V, and VI narrow 
the temperature range within which the y-iron is 
stable, and the content of these elements is lower in 
the y-iron than in «- or 5-iron. In regard to stainless 
steels, the former are usually called austenite formers 
and the latter ferrite formers. For convenience, Mo 
is used below to represent the ferrite formers, such 
as Si, Ti, V, Nb, Ta, Cr, Mo, and W. 

If the content of molybdenum in iron is high 
enough, y-iron never appears and «- and §-iron merge 
into a continuous field. In the ternary system Fe- 
Mo-C, the effect of carbon in forming austenite is 
counterbalanced by that of molybdenum in sup- 
pressing it, and whether the steel is ferritic, austenitic, 
or duplex in structure depends upon the concentration 
of Mo and C. (The effect of N, Ni, and Mn is in the 
same direction as C.) Where ferrite is present, it is 
generally supposed that the ferrite (« or §) has a lower 
carbon but a higher molybdenum content than the 
austenite with which the ferrite is in equilibrium. 
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The behaviour of the 5-ferrite in the binary Fe—C 
alloys has not been extensively studied, because at 
low temperatures §-ferrite is unstable and transforms 
into austenite. According to the determinations of 
Andrew and Binnie,® this transformation is of either 
allotropic or peritectic nature (with the liquid iron), 
depending upon whether the carbon content is less 
or more than 0-08%. However, in alloy steels—for 
instance, in high Cr and Cr—Ni steels—8-ferrite is often 
encountered. ‘The addition of chromium or other 
ferrite formers lowers the temperature at which 
5-ferrite becomes unstable, and renders the decomposi- 
tion of §-ferrite so sluggish that this constituent can 
easily be retained to room temperature. In connection 
with the formation of the sigma phase, the formation 
and decomposition of §-ferrite in heat-resisting steels 
have recently been studied extensively. Although 
the fact that $-ferrite facilitates the formation of the 
sigma phase has been clearly established, the mech- 
anism of the breakdown of 8-ferrite has hitherto been 
uncertain. 

The $-ferrite in an 8% Mo steel, after heating to 
1200-1300° C., was found to decompose within the 
temperature range 900-1150° C. in a eutectoid manner 
giving austenite and the Fe,Mo,C carbide. This 
eutectoid is here called §-eutectoid and, like pearlite, 
its appearance depends upon the temperature of 
formation in the case of isothermal transformation, 
or upon the rate of cooling in the case of continuous 
cooling. 
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Fig. 1—Constitution diagram of Fe-Mo-C alloys with 
10% Mo (after Takei!) 


The formation of this $-eutectoid has been studied 
by the conventional microscopic examination, lineal 
analysis,? and X-ray diffraction methods;® like 
pearlite, it was found to be formed by a nucleation- 
and-growth process, with the Fe,Mo,C carbide as the 
nucleating phase. A direct parallelism has been found 
between the formation of pearlite and that of 8- 
eutectoid, in regard to the shape of the transformation 
diagram, the reaction-rate curve, the lamellar spacing, 
and the mode of formation. The formation of pearlite 
is governed by the diffusion of carbon in austenite, 
whereas that of §-eutectoid is governed by the 
diffusion of molybdenum in ferrite. The morphology 
and mechanism of formation of this aggregate and 
related phases in molybdenum and other high-alloyed 
steels are discussed in the present paper. A direct 
application of the information derived from this 
investigation to the study of the overheating pheno- 
menon in high-speed steels will be the subject of 
Part IT,® whilst Part IV* is devoted to the decomposi- 
tion of $-ferrite in a Mo-bearing 18/8 stainless steel. 

During the preparation of this manuscript, a similar 
but independent investigation on the transformation 
of $-ferrite in high-chromium steels has been pub- 
lished.!° That investigation and the present one, 
dealing with the same phenomenon but in steels with 
different alloying elements, are mutually complemen- 
tary and may be considered as composite papers on 
this newly discovered transformation. 

STRUCTURAL CHANGES ACCOMPANYING 
HEATING 

Molybdenum is known to be a strong ferrite former, 
and an austenite—ferrite duplex structure can easily 
be obtained in a steel with a moderate molybdenum 
content. For this reason, a steel with 0-20% C and 
8-15% Mo was chosen for studying the decomposition 
of 3-ferrite. 

As there is no published phase-diagram for Fe— 
Mo-C alloys with 8% Mo, the diagram drawn by 
Takei" for 10% Mo alloys was used as a first approxi- 
mation. After the completion of this investigation it 
was shown that this diagram may be applied to the 
8% Mo steel with reasonable accuracy, especially in 
regard to the series of phase transformations which 
occur during heating. According to Fig. 1,- after 
Greggs,” this steel at room temperature contains 
ferrite, carbide (Fe,Mo,C, or M,C), and the inter- 
metallic phase Fe,Mo,; and this was also true for the 
8% Mo steel as delivered. However, at higher carbon 
content, when other carbides begin to appear, this 
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diagram is not correct, as two more double carbides 
of iron and molybdenum have been found since the 
publication of this diagram.® 

Steel specimens were heated in a Silit furnace uw 
to 1350° C, and then quenched in water. The heating 
times, which were sufficient to allow equilibrium to 
be established, were: 4 hr. at 900-975° C., 2 hr. at 
1000-1075° C., 1 hr. at 1100-1175°C., 20 min. at 
1200-1275° C., and 5 min. at 1300-1350°C. The 
structural changes accompanying heating can be 
followed in Fig. 6. 

Figure 6a represents a steel specimen which has 
been heated to 950°C.; only ferrite and the M,C 
carbide were present. Austenite (after quenching, 
martensite) began to appear at 960°C., and the 
amount increased rapidly with increasing temperature 
(Fig. 6b). Figure 2 is a lineal analysis of the amount 
of austenite present at equilibrium at different tem. 
peratures. After heating to 1150° C. the ,C carbide 
was to a great extent dissolved (Fig. 6c), although it 
seems that more carbide is dissolved in ferrite than 
in austenite, provided that the distribution of carbide 
in the steel is even. This can be explained by the 
high diffusion rate of carbon in comparison with that 
of molybdenum (see p. 438). On solution, the double 
carbide Fe,Mo,C will enrich the iron phase, whether 
it is austenite or ferrite, with both carbon and 
molybdenum; and since the accumulation of carbon 
in the iron phase can easily be removed by diffusion, 
the governing factor will then be the solubility of 
molybdenum in the iron phase. As ferrite dissolves 
more molybdenum than austenite does, it is natural 
that more double carbide Fe,Mo,C will be dissolved 
in the former than in the latter. Owing to its high 
diffusivity, carbon will migrate continuously from 
ferrite to austenite. (Cina1* has observed the segrega- 
tion of the carbide Cr,,Cg in austenite in a high-alloy 
valve steel XCR (0°45% C, 24% Cr, 5% Ni, 2-5% 
Mo) which had been heated to 1050° C. In that case, 
the governing factor was obviously the rate of dif. 
fusion of chromium.) 

The carbide was completely dissolved at 1175° C., 
and from this temperature up to 1300°C. the only 
change in structure during heating was the slight 
reduction of the amount of austenite, from 60°, to 
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Fig. 2—Change in amount of austenite with temperature 
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45%. Figure 6d shows the band appearance of this 
ferrite—-austenite duplex structure after heating to 
1300° C., probably connected with the segregation of 
molybdenum and other elements along the rolling 
direction. If this segregation could be removed by a 
high-temperature and long-time treatment, the distri- 
bution of austenite and ferrite would be different. 
However, this would not affect the amount and 
composition of austenite and ferrite at equilibrium. 
At the junction of two austenite grains the austenite 
usually displays the convex boundary, whereas ferrite 
has a concave one. This greatly facilitates the 
identification of the two phases, especially in stainless 
steels. 

At 1325°C. both the amount and grain size of 
ferrite increased. Notwithstanding the drastic 
quenching, some austenite was formed on cooling, as 
rods growing into the $-ferrite from the austenite 
existing at 1325°C. (Fig. 6e). The formation of 
austenite in ferrite in a Widmanstatten pattern 
became clearer and more predominant when the 
specimen was quenched from 1350° C. (Fig. 6f). At 
this temperature, melting had just started along the 
ferrite grain boundaries and within the grains, and 
it seems that this specimen had been brought into the 
L+-F two-phase region. The L+ F+A three-phase 
region may lie between 1325° and 1350°C., or the 
composition of this steel may be such that this three- 

hase region does not exist at all. 

The difficulty of preventing the formation of 
austenite during quenching has also been discussed 
by Nebrenberg and Lillys,!° and they have even 
proved that in a 17% Cr steel the newly formed 
austenite rim has a composition differing from that 
of the austenite existing at the heating temperature, 
by showing that after quenching more austenite is 
retained in the former. 

Complete austenitic structure cannot be obtained 
in this steel; this indicates that its composition falls 
within the austenite-ferrite two-phase loop at the 
temperature where austenite is stable. However, the 
term $-ferrite is to be preferred for the ferrite existing 
at high temperatures, since it contains much more 
molybdenum and carbon than the low-temperature 
ferrite. 


TRANSFORMATION OF §-FERRITE DURING 
CONTINUOUS COOLING 

Furnace Cooling 

A steel specimen was cooled in a furnace from 
1300° to 1050° C. over a period of 10 min.; the resulting 
structure is shown in Fig. 7. From Fig. 7a it can be 
seen that a great part of the $-ferrite is replaced by 
a lamellar transformation product, advancing from 
the austenite/ferrite interface into the $-ferrite. At 
higher magnification (Figs. 7b-e) this transformation 
product is shown to be an aggregate of austenite and 
carbide with the typical appearance of pearlite. It 
is, of course, possible that the lamellar constituent 
in this aggregate is not a carbide but the compound 
Fe,Mo,. This steel specimen was later subjected to 
electrolytic extraction, and X-ray analysis confirmed 
that the residue thus obtained was the Fe,Mo,C 
carbide. Nothing indicating the existence of Fe ,Mog 
has been noticed. The same reaction occurred when 
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the steel specimen was heated to any temperature 
above 1175°C. The eutectoid appearance of this 
lamellar aggregate is so obvious that further 
comment is unnecessary. The aggregate is called 
§-eutectoid in this paper. 

The parallelism between the $-eutectoid and pearlite 
is not confined to the appearance; the similarity can 
also be traced in the transformation mechanism. As 
summarized by Mehl and his associates,)* 1° the 
nucleating phase in the formation of pearlite is 
cementite. As can be seen from Fig. 7b, the trans- 
formation front of the §-eutectoid was characterized 
by the stretching out of parallel 1 ,C carbide platelets 
into $-ferrite, whereas austenite, in following the 
carbide, lagged behind and showed a concave curva- 
ture. When sectioned at a small angle, the carbide 
platelets appeared as wave crests with martensite 
needles between them (Fig. 7c). Figure 7d shows 
another form of transformation initiated by carbide, 
viz., the formation of carbide particles or rods at the 
$-eutectoid transformation front; this is further 
illustrated in Fig. 7e. It seems that these carbide 
particles or rods are connected and aligned in certain 
directions, so that the possibility of spheroidization 
at such high temperatures cannot be neglected. 

The formation of §-eutectoid occurred within the 
F+A+M,C three-phase temperature range. The pre- 
cipitation of carbide is consequently a natural 
phenomenon. What is not so clear is the fact that no 
carbide is precipitated in austenite, especially as car- 
bide was found predominantly in austenite during 
heating, as mentioned earlier. At temperatures above 
1200° C. molybdenum also gains enough mobility to 
migrate from austenite towards ferrite, and this state 
is preserved by furnace cooling to the transformation 
temperature. Therefore, little or no carbide is found 
in austenite. The rdle played by the diffusion of 
molybdenum in the formation of carbide and 54- 
eutectoid thus becomes quite clear. A detailed treat- 
ment will be given shortly. 

No evidence was found for the formation of austen- 
ite not associated with carbide from $-ferrite, but 
the possibility of forming pro-eutectoid austenite 
should not be neglected, as this was found to happen 
in the decarburized surface region of the specimen. 


Air Cooling 


Another specimen was cooled from 1300° to about 
900° C. in air, and the structure thus obtained is 
shown in Fig. 8. The dark-etching troostite-like 
constituent, growing rapidly from the austenite/ferrite 
interface into $-ferrite, is probably the same $-eutec- 
toid formed at a lower temperature as a result of the 
rapid cooling, just as troostite can be formed in 
oil-quenched carbon steels. Carbide precipitation was 
observed in 9$-ferrite but not in austenite, indicating 
a higher degree of supersaturation for molybdenum 
and carbon in the former than in the latter. 


ISOTHERMAL TRANSFORMATIONS 


In order to study the morphology and kinetics of 
the transformation of $-ferrite, the specimen was 
quenched from 1280°C. in a salt bath kept at a 
temperature between 875° and 1175° C., or in a lead 
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§- eutectoid 


PHASE PRESENT, % 





O1 O02 O5 I 2 5 1O 
TIME, min. 
Fig. 3—Reaction-rate curves at 1000° C. (A) 5>M,C+y’; 
(B) y>3’ 


bath kept at 650-850°C., and was held at this 
temperature for different periods. The change in the 
amounts of the various constituents with time at a 
given temperature could then be followed by micro- 
scopical examination and lineal analysis. 

Generally speaking, there were three kinds of 
isothermal transformations: 

(i) The decomposition of 6-ferrite (8) into austenite 
(y’)* and carbide (M,C) within the temperature range 
900-1150° C. 

(ii) The transformation of the austenite existing at 
1280° C. (y) into ferrite (6’)* within the same tempera- 
ture range 

(iii) The precipitation of carbide (Mo,C) in 8-ferrite 
within the temperature range 650-950° C. 

Since the last two reactions are closely related to 
the first, they are treated together with the $-eutectoid 
transformation. 


Reaction-Rate Curves 


The reaction-rate curves of isothermal transforma- 
tions at various temperatures between 900-1150° C. 
are, except for small details, very much alike, and 
those at 1000° C. were chosen to illustrate the general 
characteristics of these transformations (see Fig. 3). 

After the 1280° C. treatment the steel consisted of 
50% y and 50% 8. The eutectoid transformation 
S5-M .C +’ started after only a few seconds at 
1000° C., and proceeded in an exponential fashion 
similar to the austenitepearlite transformation in a 
carbon steel at a lower temperature (say, 650° C.). 
This reaction, however, did not proceed to completion; 
it reached its asymptote at this temperature at 42% 
of the whole specimen, or 84% of the §-ferrite. 

The allotropic transformation ~—’ started later 
and proceeded in a similar manner; as before, it did 
not proceed to completion at this temperature, 
although nearly so. At a somewhat lower transforma- 
tion temperature all y was consumed by this reaction. 

The first reaction increased the amount of austenite 
and decreased that of ferrite, whereas the second 
reaction had the opposite effect, decreasing the 
amount of ferrite at the expense of austenite. Since 





* The austenite and ferrite at the transformation 
temperature are denoted by y’ and 8’ respectively, to 
ee them from those already existing at 1280° C., 
y and 6. 
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the first reaction commenced earlier, the amount of 
austenite increased to begin with, attained a maxi. 
mum, and then decreased to the equilibrium value 
at this temperature, about 43%. The variation in 
the amount of ferrite took the reverse course. 

The microstructural changes are illustrated in 
Fig. 9. After 10 sec. at 1000°C. there was about 
15% of §-eutectoid, with the appearance of troostite, 
formed in the 5-ferrite along the y/5 interface. The 
yo’ transformation had just started in two austenite 
grains, which are marked by the arrows in Fig. 9a, 
After 1 min. (Fig. 9b) the eutectoid was well advanced, 
almost to its maximum (see Fig. 3), and more austenite 
was transforming into §’ in typical wedge-shaped 
patches. Figure 9c shows the structure after 10 min, 
at this temperature: a very small amount of y was 
still left, and massive carbides had begun to appear 
along the old y/5 interfaces. No carbide precipitation 
in y was found during or after yd’ transformation. 


Transformation Diagram 

The starting curves of these transformations (1% 
are shown in Fig. 4. All three curves have the typical 
C-appearance of a pearlite transformation. 

The §>M,C + y’ transformation has an asymptote 
at 1175° C., above which the carbide M ,C is dissolved 
in the y-3 duplex matrix. The asymptote for the 
yd’ transformation lies between 1100° and 1150° C. 
In other words, at 1150° C. only the eutectoid decom- 
position of $-ferrite took place. The reason why the 
reaction y—>5’ appeared at a temperature about 50° C. 
lower than that at which the reaction 5>M,C + y’' 
appeared will be discussed later. 

The incubation period for the §-eutectoid trans- 
formation in this steel was surprisingly short in com- 
parison with the values found by Nehrenberg and 
Lillys' in high-chromium steels; in the latter, several 
minutes were needed for this reaction to start. How- 
ever, they considered that the nucleating phase in 
their case was the Cr,,C, carbide. 
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§-Eutectoid 


Mehl and his associates!4)15 have successfully 
analysed the formation of pearlite by sidewise 
nucleation-and-growth and edgewise growth pro- 
cesses. According to them, nucleation is (growth is 
probably not) a structure-sensitive property and, 
consequently, pearlite colonies usually begin to form 
along the austenite grain boundaries. These authors 
also showed that the ratio of rate of nucleation to 
rate of growth is small at high transformation tem- 
peratures; in other words, very few nuclei grow to 
fill the whole austenite grain. At low transformation 
temperatures this ratio becomes large and a great 
number of small pearlite colonies are formed along 
the austenite grain boundaries. The above description 
can apply equally well to the formation of $-eutectoid, 
as is shown by Fig. 10, which illustrates the early 
stage of the eutectoid transformation at 1100° and 
950° C. 

The lamellar spacing of pearlite has also been 
studied by Mehl et al., who found that this spacing 
is inversely proportional to the undercooling of 
austenite, (723 — t)°C., where ¢ is the transforma- 
tion temperature. Between 600° and 700°C. the 
lamellar spacing varies between 1-5 x 10° and 7-6 x 
103 A. Figure 11 shows the $-eutectoid formed at 
1050° C. The lamellar spacing is about 5 x 10% A. 
In other words, the lamellar spacing of $-eutectoid 
is about the same as that of pearlite formed at a 
temperature 400° C. lower. Moreover, the former also 
decreases when the transformation temperature is 
lowered. 

Unlike the pearlite transformation, the $-eutectoid 
transformation does not in general proceed to com- 
pletion, even after long holding at the transformation 
temperature. At high temperatures the §-eutectoid 
was enclosed by a carbide rim (Fig. 12), and at low 
temperatures the eutectoid reaction was replaced by 
the precipitation of carbide in $-ferrite (Fig. 13). In 
Fig. 5 the amount of §-eutectoid is plotted against the 
transformation temperature. It is noteworthy that 
as the A, temperature, below which austenite is no 
longer stable, is approached, the amount of §-eutec- 
toid, although it falls considerably, does not approach 
zero as the equilibrium state suggests it should. 
Moreover, this eutectoid was even formed at a tem- 
perature about 80°C. lower than this critical tem- 
perature. However, the eutectoid austenite yy’ was 
not stable and later disappeared. Figure 13) is an 
example of this; at 950°C. the $-eutectoid formed 
earlier had become just a mixture of spheroidized 
carbide particles in ferrite. There was no longer any 
boundary between the untransformed §-ferrite and 
the austenitic matrix of the §-eutectoid. Nehrenberg 
and Lillys!® also observed that $-eutectoid can form in 
high-Cr steels at about 30° C. below A,. 


y-8’ Transformation 


As §-ferrite transforms into M,C and y’, the 
total amount of austenite generally exceeds the 
equilibrium value for this temperature, so that some 
austenite must subsequently disappear. From Fig. 2 
it can be seen that the amount of austenite obtained 
by isothermal transformation agrees very well with 
the equilibrium value established by long heating at 
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various temperatures. Consequently, the extent of 
the y->3’ transformation is governed not only by the 
equilibrium amount of austenite but also by the 
amount of $-eutectoid. The amount of austenite y 
left untransformed at equilibrium at various tem- 
pere‘ures is indicated by the shaded area in Fig. 5. 

At 1150°C., only about 10% of §-eutectoid was 
formed; the amount of austenite permitted by the 
equilibrium state was about 62%, so the reaction 
ys’ did not take place at this temperature. This 
reaction approaches its asymptote at a temperature 
for which the amount of y +’ is equal to the 
equilibrium value. 

From the above description it is to be expected that 
the reaction y—9’ will start as soon as the sum of 
y and y’ reaches and exceeds the equilibrium amount 
of austenite at the transformation temperature. How- 
ever, the reaction-rate curves in Fig. 3 clearly show 
that this is not the case, and the kinetics of these 
reactions has to be found from other sources than 
equilibrium data. 

At least three pertinent questions must be answered 
if the mechanism of these reactions is to be under- 
stood. Firstly, why is new austenite y’ formed when 
the existing austenite y is already in excess of the 
equilibrium amount, as is the case in the reactions 
observed below 1000°C.? The paradoxical pheno- 
mena that y’ is forming while y is vanishing, and that 
d-eutectoid can even form at temperatures below A,, 
are closely related to this problem. Secondly, why 
does the reaction yd’ always lag behind the $- 
eutectoid transformation ? Thirdly, why does the 
allotropic reaction y—5’ occur at temperatures below 
A, and above 850° C., instead of the expected eutectoid 
reaction yd’ + carbide, which actually occurs 
between 700° and 800°C. (Fig. 14)? In this con- 
nection it should be pointed out that the newly formed 
5’ above 1000° C. does not contain carbide particles. 

The kinetics of such reactions is always associated 
with the diffusion phenomenon, and so is treated 
later in connection with molybdenum diffusion. 


Mo,C Precipitation 


In a previous investigation® it was shown that the 
carbides present in molybdenum steels after the 
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Table I 
COEFFICIENTS OF DIFFUSION OF MOLYBDENUM AND CARBON IN AUSTENITE (A) AND FERRITE (F) 


























Range of Determination | D, sq. cm./sec. 
Diffusion D, Q 
Pair sq. cm./sec. | cal./mole 
Concentration en 600° C. 700° C. 1000° C. 1100° C. 

MoinA 0-068 59,000 | 0-1-5% Mo 920-1260 |1-45 x 107-%*| 4-60 x 10-5/5-65 x 10-12/3-18 x 10-1 
Mo in F 3-467 57,700 | 1-9-3-6% Mo| 920-1260 |1-23 x 10-%| 4-27 x 10-%3/5-01 x 10-!°|2-69 « 10 
Cin A 0-365 | 35,900 0.2% C 850-1300 | 4-28 x 10-1°|3-48 x 10-° 13-77-40 — 177800 10 > 
Cin F 0.0079 18,100 0-0.68% C 514-786 2-50 x 10-7 | 7-20 x 10-7 |6-42 x 10-* | 1-69 x 10-5 























isothermal transformation of austenite appear in the 
order Fe,C, M,,Cs, Mo,C, M,C as the molybdenum 
content of the steel is increased. According to un- 
published results obtained by the present author, the 
same order may be found in one particular steel when 
the transformation temperature is increased, provided 
that the molybdenum content of the steel is high 
enough for M,C to be the stable carbide. This may 
explain the fact that the precipitation of Mo,C was 
found to follow a C-type curve at a temperature range 
below that for the eutectoid transformation (see 
Fig. 4). The C curve of the eutectoid reaction may be 
visualized as a curve for the precipitation of M,C, 
since the $-eutectoid is nucleated by this carbide. The 
C shape of the precipitation process caused by super- 
saturation has been discussed elsewhere by Borelius.1® 

These two C curves overlap at 900-950° C., and 
the resulting structure is shown in Fig. 13a. The 
carbide residue extracted from the steel specimen 
transformed within this temperature range was proved 
by X-ray analysis to be a mixture of M,C and Mo,C. 
Below 900° C. only Mo,C was found in the early stage 
of carbide precipitation, although this carbide was 
later replaced by the stable carbide M,C. 

The carbide precipitation phenomenon has also been 
studied by Nehrenberg and Lillys'® in high-chromium 
steels. In a 25% Cr steel this reaction was so rapid 
that it could not be suppressed even by water- 
quenching, and within the temperature range 815- 
1040° C. the Cr,,C, carbide formed first and the Cr,C, 
carbide considerably later. However, they considered 
the nucleating phase of their austenite-carbide aggre- 
gate and the carbide precipitated at a lower tempera- 
ture range to be the same Cr,,C, carbide. If there 
are two distinct C curves for the formation of 
§-eutectoid and for the precipitation of carbide, as 
shown above, it is perhaps not justifiable to attribute 
them to the same carbide. 


DISCUSSION 
Diffusion of Carbon and Molybdenum 


Since the nucleating phase of $-eutectoid is a 
double carbide of iron and molybdenum (Fe,Mo,C), 
the diffusion of both carbon and molybdenum in-the 
iron phases has to be considered. 

The coefficient of diffusion D is generally used as a 
measure of the rate of diffusion. The change of this 
coefficient with temperature can be calculated from 
the Arrhenius equation 


D = Dee WRT 
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if the two constants D, and Q are known. Generally, 
D varies with concentration. 

The coefficients of diffusion of carbon in ferrite and 
in austenite, in Fe-C alloys, have recently been 
determined by Stanley’? and by Wells, Batz, and 
Meh}?® respectively, and that of molybdenum in « 
and y Fe—Mo alloys and in austenite has been deter- 
mined by Ham.!® According to Ham and his co. 
workers,!® © the presence of 0-40% of carbon in- 
creases only slightly the coefficient of diffusion of 
molybdenum in austenite, and the presence of 0-80% 
of molybdenum has little or no effect on the rate of 
diffusion of carbon at 1100°C. For a qualitative 
treatment these small mutual influences of carbon 
and molybdenum may be neglected. The coefficients 
of diffusion of molybdenum and carbon in ferrite and 
austenite at various temperatures are shown in 
Table I. Generally, the extrapolation of the D values 
to regions not covered by the experimental composi- 
tion and temperature ranges is not recommended. 
According to Ham,!® the diffusion coefficient of 
molybdenum is independent of the molybdenum 
content up to 6-0°% Mo. 

Table I shows that carbon diffuses about 10° times 
faster than molybdenum at 700°C. and about 104 
times faster at 1100°C., and that molybdenum dif- 
fuses about 100 times and carbon about 10-1000 
times faster in ferrite than in austenite at the same 
temperature. These two factors have a tremendous 
influence on the formation of §-eutectoid and the 
allotropic transformation of , as is shown below. 


§-Eutectoid 


When a steel specimen is cooled from a temperature 
above 1175° C., the equilibrium conditions described 
earlier dictate that carbide should be formed, but 
they give no indication of how and where. 

It is generally assumed that, in a y-d duplex 
structure, y has a higher carbon and 8$ a higher 
molybdenum content. Naturally, a nucleus of 
Fe,Mo,C forms most easily at ay/8 interface, probably 
because a smaller surface energy is required for the 
formation of a nucleus at an interface. Since § has a 
higher molybdenum content and molybdenum diffuses 
much faster in 6 than in y, the nucleus of Fe,Mo,C will 
grow into § rather than into y. This will cause a 
depletion of both carbon and molybdenum in the 
surroundings of this carbide platelet. At this 
temperature, the loss of carbon suffered by § can easily 
be compensated by carbon from the bulk of § and 
also from y. This is not the case with molybdenum, 
owing to the comparatively slow rate of diffusion. 
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(e) 5 min. at 1325° C., W.Q. Ferrite and austenite; light-etching (f) 5 min. at 1350° C., W.Q. Ferrite, liquid, and austenite formed 
austenite was formed during W.Q. during W.Q. in Widmanstitten form 


Fig. 6—Microstructural changes accompanying heating. Figures 6a, b, c, d, and f etched in 1% 
nital; Fig. 6e etched in Stead reagent < 300 
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(a) 1 min. at 1100° C., W.Q. Advance of three 6-eutectoid colonies (6) 10 min. at 1100° C., W.Q. Carbide rim around 6-eutectoid 


Fig. 12—Formation of 5-eutectoid. Etched in 1% nital < 2000 
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(a) Formation of 6-eutectoid stopped, followed by carbide precipitation (b) Metastable 6-eutectoid; y’ in 5-eutectoid retransforms into 6’, no 
x 300 boundary between 6-eutectoid and untransformed 6 x 2000 


Fig. 13—Formation of 5-eutectoid: 10 min. at 950° C.,W.Q. Etched in 1% nital 





Fig. 15—8-Eutectoid formed in a vanadium steel 
at 700° C., W.Q. Etched in 1% nital x 1200 (0.22% C., 3.4% V), with carbide VC as leading 
phase, on continuous cooling from 1300° to 
1100° C., W.Q. Etched in 1% nital < 2000 


Fig. 14—Pearlite formed from austenite:| 20 min. 
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The loss of a ferrite former such as molybdenum will 
make this § unstable so that it transforms into ;’. 
The formation of the latter implies a local accumula- 
tion of molybdenum in the surrounding 8, and provides 
the possibility of new carbide nucleus formation. 
This process of sidewise nucleation-and-growth, to- 
gether with edgewise growth, will continue until the 
§-eutectoid impinges on other $-eutectoid colonies, 
or until it is stopped in some other way. 

The fact that the $-eutectoid may also form, though 
only temporarily, well below A, for this steel can 
possibly be explained by the local depletion of 
molybdenum around the Fe,Mo,C platelet, so that 
y’ can form temporarily before retransforming to 9’ 
after receiving more Mo from the untransformed §. 

From Fig. 2 it can be seen that the equilibrium 
amount of austenite at 1000° C. is somewhat less than 
that existing at 1280°C., and if the formation of 
§-eutectoid were nucleated by austenite the reaction 
would never have happened at this temperature. 

Unlike the pearlite reaction, the $-eutectoid trans- 
formation seldom proceeds to completion, owing to 
the difficulty with which Fe,Mo,C is formed at high 
transformation temperatures and the difficulty with 
which y’ is formed at low temperatures. The solubility 
of carbon and molybdenum in ferrite decreases with 
decreasing temperature, and the amount of §-eutectoid 
therefore increases at first with falling temperature 
because more carbon and molybdenum are available 
for the formation of Fe,Mo,C. However, the pre- 
requisites for the formation of this $-eutectoid are not 
only the primary nucleation of Fe,Mo,C but also the 
secondary nucleation of y’. At still lower tempera- 
tures, owing to the reduction in the equilibrium 
amount of austenite, the formation of y’ is hindered 
and cannot follow on the formation of Fe,Mo,C; 
consequently, the eutectoid reaction stops. 

The presence of a carbide rim around the 5-eutectoid 
at a high transformation temperature seems to indi- 
cate that, even at this temperature, the formation of 
y' fails to keep pace with that of carbide, and the 
reaction is discontinuous in a similar manner to that 
occurring at low temperatures. However, the diffi- 
culty of formation of y’ is in this case not the primary 
reason, as it is at low temperatures, but is the result 
of retardation of the formation of Fe,Mo,C owing to 
the small degrees of supersaturation of molybdenum 
and carbon in 6; this retardation provides enough 
time for the diffusion of molybdenum at this high 
temperature from the bulk of § to that surrounding 
the carbide, and renders the §—y’ reaction sluggish 
or even stationary. 

The above mentioned phenomenon has also been 
discussed by Nehrenberg and Lillys.1° They maintain 
that the transformation of § into y’ containing Cr.3,C, 
lamellae stops when equilibrium is established among 
the participating phases. Their suggestion does not 
seem to be applicable in the present case, however, 
as the present author has shown that the equilibrium 
state of austenite was temporarily changed by the 
formation of §-eutectoid. 


Pearlite and §-Eutectoid 
The above description makes it clear that the for- 
mation of §-eutectoid exactly duplicates that of 
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pearlite, except that the controlling factor is in the 
former case the diffusion of molybdenum in ferrite 
and in the latter the diffusion of carbon in austenite.* 
The formation of Fe,Mo,C requires the segregation 
of carbon as well, but this is not the rate-limiting 
factor in this case. A direct proof of this supposition 
is the lamellar spacing of the $-eutectoid, which does 
not differ very much from that of a pearlite unit in 
a carbon steel formed at 650° C., 7.e., 400° C. lower. 
In view of the great influence of temperature on the 
lamellar spacing of a eutectoid,4 this seems extra- 
ordinary. However, a comparison of the coefficient 
of diffusion of molybdenum in ferrite at 1000-1100° C. 
and that of carbon in austenite at 600-700°C. 
(Table I) gives the answer to this paradox. Conse- 
quently, the temperature range of $-eutectoid forma- 
tion must be at such high temperatures that molyb- 
denum gains a sufficiently high mobility to migrate 
unhindered to the places where a nucleus of Fe,Mo,C 
exists. 

Substituting the diffusion of molybdenum for that 
of carbon and the formation of Fe,Mo,C for that of 
Fe,C, all the knowledge accumulated for the pearlite 
reaction can also be applied to the $-eutectoid trans- 
formation. The following features deserve special 
mention in this connection, although no detailed 
explanation is given as it is taken for granted that 
readers are familiar with the mechanism of the 
pearlite reaction: 

(i) The incubation period and the C shape of the 
isothermal transformation curve 

(ii) The exponential form of the reaction-rate curve 
at a particular temperature 

(iii) The lamellar spacing decreases with decreasing 
temperature 

(iv) Nucleation, being a structure-sensitive property, 
starts at grain boundaries, and more nuclei are formed 
at a lower temperature. 


y—8’ Transformation 


The formation of an aggregate of M,C and y’ from 
5 increases the total amount of austenite and thus 
exceeds the equilibrium value. A certain amount 
of austenite must vanish, to reduce the total amount 
of it to the equilibrium value. As stated above, the 
eutectoid austenite ;’ has a rather low content of 
molybdenum, owing to the formation of Fe,Mo,C. 
The austenite retained from high-temperature treat- 
ment, y, contains a significant amount of molyb- 
denum, although less than § does. After being brought 
to the transformation temperature, this austenite y 
does not become immediately unstable, because of 
its high content of the austenite-former carbon. 
During the eutectoid transformation and Mo,C pre- 
cipitation, however, carbon is transported away from 
y, 8o that y becomes unstable and transforms into 9’. 
This may explain the fact that while y’ is forming, 
y is vanishing, and y decomposes allotropically into §’ 
instead of eutectoidally into pearlite at temperatures 
above 850°C. Below 800° C. the loss of carbon in y 
becomes insignificant, and y subsequently transforms 





* Onsager*! has suggested that, since carbon diffuses 
much faster in ferrite than in austenite, carbon diffuses 
from austenite via ferrite to the pearlite transformation 
front. Fischer?* has pointed out the possibility of grain- 
boundary diffusion along the ferrite/austenite interfaces. 
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into pearlite. Since the loss of carbon in y is a con- 
sequence of the §-eutectoid transformation or the 
precipitation of Mo,C, the y—8’ reaction always lags 
somewhat behind these reactions. 

Nehrenberg and Lillys!® have proved ingeniously 
that the retained austenite y has a higher alloy content 
than the eutectoid austenite y’ in high-Cr steels, 
by showing that the latter has a higher M, point. 


Other Steels 


The necessary condition for the formation of 
-eutectoid is the precipitation in ferrite of an alloyed 
carbide, stable at high temperatures. Alloying 
elements which form strong carbides and at the same 
time favour the presence of ferrite—as do Cr, Mo, W, 
and V—will satisfy this condition. 

The formation of a lamellar constituent in high- 
chromium steels has been reported by many investi- 
gators,”*-*8 although the phenomenon had not been 
thoroughly investigated prior to the work of Nehren- 
berg and Lillys.?° 

The formation of this eutectoid in tungsten steels 
will be discussed in Part IT.°® 

Figure 15 shows a vanadium steel with 0-22% C 
and 3-4% V, cooled in a furnace from 1300° to 1100° 
C., followed by water-quenching. Even in this case 
the transformation is initiated by carbides (VC). 


6-Bainite 


Having discovered the formation of $-eutectoid, it 
is natural to wonder whether an aggregate of austenite 
and carbide nucleated by austenite, analogous to 
bainite, could be formed from 9$-ferrite. Though 
theoretically possible, the occurrence of such an 
aggregate in this steel is hindered in practice by the 
fact that austenite is no longer stable below 960° C.; 
however, it should be possible in a steel with enough 
of an austenite promoter such as Ni and Mn. 


CONCLUSIONS 


(1) In a 0-20%, C, 8-15% Mo steel the phases 
present at room temperature are ferrite, M,C, and 
a small amount of Fe,Mo,. On heating, Fe,Mo, dis- 
solves first and M,C later, preferably in ferrite, at 
1175° C. The A, temperature above which austenite 
appears is 960° C. 


(2) At 1280°C. this steel contains 50% of 3 and 
50% of y, the former with a higher molybdenum and 
the latter with a higher carbon content. The carbide 
Fe,Mo,C begins to form below 1175°C. at the 3/y 
interface, by receiving carbon from y and molybdenum 
from §, and grows into §. Since carbon diffuses 104 
to 105 times as fast as molybdenum, the loss of carbon 
in § in contact with M,C can easily be compensated 
by carbon from the bulk of § and also from y. Because 
of the loss of the ferrite-former molybdenum, this $ 
is no longer stable and transforms into y’. Owing 
to the accumulation of molybdenum in the surrounding 
§ caused by the formation of y’, new M,C nuclei are 
formed. These sidewise nucleation-and-growth and 
edgewise growth processes, governed by the diffusion 
of molybdenum in ferrite, continue, and a $-eutectoid 
colony is thus formed. 
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(3) By isothermal treatment it has been shown that 
the $-eutectoid transformation has the C shape of the 
pearlite reaction. The parallelism between the forma. 
tion of these two aggregates is discussed with respect 
to the reaction-rate curve, the transformation 
diagram, the lamellar spacing, and the mode of 
formation. 

(4) The amount of molybdenum and carbon avail. 
able for the formation of /,C, or rather for the forma. 
tion of §-eutectoid, increases with decreasing tempera- 
ture, owing to the diminishing solubility of these 
elements in 6. This increases not only the rate of 
nucleation but also the amount of the $-eutectoid. 

(5) Below the A, temperature, 5-eutectoid can still 
be formed, because of the local depletion of molyb- 
denum; but its amount decreases considerably, since 
the formation of ;’ encounters difficulties and cannot 
follow that of M,C. The §-eutectoid reaction even. 
tually stops, and a general precipitation of carbide 
in § takes place. This eutectoid y’ is not stable and 
later, after receiving molybdenum from the untrans. 
formed §, retransforms into $’. 

(6) As §-eutectoid (y’ + M,C) forms, the total 
amount of austenite, y + y’, increases and ultimately 
exceeds its equilibrium value at the transformation 
temperature. After losing carbon to $-eutectoid, y 
becomes unstable and later transforms allotropically 
into 0’. 

(7) Between 700° and 950° C., Mo,C is precipitated 
in §. This also causes a loss of the fast-moving carbon 
from y, and makes it transform into $’. Below 800° C., 
however, the loss of carbon becomes insignificant, and 
y transforms eutectoidally into pearlite. 

(8) Alloying elements which form special alloy car- 
bides and at the same time promote the formation 
of ferrite will make the formation of this high- 
temperature §-eutectoid possible. This idea has been 
confirmed experimentally for the alloying elements 


Cr, Mo, W, and V. 
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Vv Car- 
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nation E. T. Turkdogan, Ph.D., M.Met., and E. M. Fenn, B.Sc., A.R.I.C. 
high. 
s been 
ments SYNOPSIS 
The reduction of manganous orthophosphate by hydrogen has been studied within the range 680-870° C. and 
the results have been used to calculate the standard free-energy change of the reaction 3MnO (solid) + P, (gas) + 
230, (gas) = Mn,P,0, (solid) in this temperature range. 
Recently determined heats of formation of manganous, magnesium, tricalcium, and tetracalcium phosphates, 
and experimental results by Bookey, have been used to derive expressions for the free energies of formation of 
epart- these phosphates up to the respective eutectic temperatures. The expressions so obtained are : 
schno- 3MnO + P; + 240, =Mn,P,0,, A Gp = — 495,900 + 156 T cal. 
ed to 3MgO + P,-+ 240,= MgP,0,, A Gp = — 501,610 + 144 T cal. 
; = 3CaO + P, + 240, =a-Ca,P,0,, A Gp = — 553,350 + 140 T cal. 
or the © 
itutet 4CaO + P, + 2$0,= Ca,P,0,,  AGp = — 563,580 + 144 T cal. 
It is shown that these free energies are in line with the influence of the basic oxides on the activity coefficient of the 
et; phosphorus pentoxide in steelmaking slags. 
stions The MnO-Mn,P,0, system is a simple binary with a eutectic at approximately 64-65 wt.-°4, MnO (eutectic 
resent temperature 1044°C.) 868 
horst. 
<i be Introduction metal and slag. These authors have suggested that 
7 the tv has been suggested! that magnesia should have the activity coefficient of phosphorus pentoxide may 
a negligible effect, in comparison with lime, as a be related to slag composition by the equation: 
dephosphorizing agent in steel refining, and on ide = ~ 1-180 en + tie + 10s 
general grounds manganous oxide would be expected 4 12N¥eo + 31Nr — 2Ngi0;) +b (1) 
to be even less effective. Recently, Turkdogan and = 
I, pp: Pearson? have indicated that, although the influence ~— 
; of manganous oxide on the activity coefficient of Paper CP/7/10 of the Chemistry Department of the 
1895, phosphorus pentoxide in molten slags is less than that auth Auguat — Research Association, received 
| Inst., of lime or magnesia, its presence cannot be neglected Dr. Pearson, Dr. Turkdogan, and Mr. Fenn are in the 
in considering the partition of phosphorus between Chemistry Department of the Association. 
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where Yp20; = activity coefficient of phosphorus pent- 
oxide 
N =mole fraction of a particular oxide 
constituent in the slag 
b = temperature-dependent term. 


The factors by which the mole fractions are multi- 
plied in this equation are related to the stabilities of 
the corresponding phosphates, and it is therefore 
important to ascertain whether the stability of 
manganous phosphate is, in fact, less than that of 
calcium or magnesium phosphate as suggested by 
equation (1). 


EXPERIMENTAL DETAILS 
Materials 

Manganous orthophosphate was made by heating a 
stoichiometric mixture of manganous oxide and 
diammonium phosphate in nitrogen at 850°C., the 
manganous oxide having been obtained by decom- 
posing manganous oxalate in hydrogen at 1100°C. 
The resulting phosphate contained 58-2% of MnO 
and 39-8% of P,O, (theoretical values: 59-9% of 
MnO, 40-03% of P,O;). The difference, 2%, is 
probably due to the presence of higher oxides of 
manganese, because spectrographic examination of 
both the oxide and the phosphate failed to indicate 
any significant amounts of other elements. The 
presence of this excess oxygen was considered to be 
unimportant, as a considerable degree of reduction 
by hydrogen would take place in the actual ex- 
periments before any measurements were carried 
out. 

For the phase-diagram investigation, where pure 
materials are essential, manganous oxide was prepared 
by the method of King,* and manganous phosphate 
was obtained by neutralizing a solution of AnalaR 
manganous sulphate, containing 5% excess of phos- 
phoric acid, with caustic soda to the methyl orange 
end-point. The granular precipitate was washed free 
from soluble salts, filtered, and dehydrated at 
850-900° C. in nitrogen. The MnO was 99-8% 
pure and the phosphate contained 59-79% of MnO 
and 40:0% of P,O;. 


Procedure 


For the construction of the Mn,P,0,-MnO phase 
diagram, thermal analyses were conducted in the 
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normal way. Melts were contained in recrystallized 
alumina crucibles in an atmosphere of oxygen-free 
nitrogen, to prevent oxidation. It was found that 
the melts did not attack the crucible nor the bare 
Pt/Pt-13%Rh thermocouples immersed therein. After 
cooling, the crystalline masses were ground to pass a 
120-mesh sieve and their densities were determined 
pycnometrically. 

The apparatus and technique for.the reduction of 
manganous phosphate was the same as that used by 
Bookey! for magnesium phosphate, except that the 
cold trap for phosphorus vapour was replaced by a 
small furnace containing iron turnings. It was antici- 
pated that the partial pressure of water vapour in 
the gases issuing from the reduction furnace would be 
too high to allow the use of an ice-cooled trap. 
Phosphorus can be readily removed from a stream of 
hydrogen/water-vapour by passage through iron 
turnings heated to 275-300°C., whereas the water 
vapour is unaffected provided that its partial pressure 
is less than about 0-01 atm. The iron furnace has 
the advantage that the partial pressure of phosphorus 
over iron phosphide at 275-300° C. is much smaller 
than that over yellow phosphorus at 0° C. 

During each experiment the flow rates were kept 
constant to better than 1% by the use of a pressure 
regulator containing dibutyl phthalate. After a 
change of flow rate or temperature a period of at 
least 12 hr. was allowed for the system to settle down 
again. Experiments were conducted in the range 
680-870° C. 


RESULTS 
The Mn,P,0,-MnO System 


In studying the reduction equilibrium of manganous 
orthophosphate it is essential to know the solid phases 
taking part. Thermal analyses were carried out on 
MnO and three MnO-Mn,P,O, mixtures, made up to 
give MnO/P,O; ratios of 3-5: 1, 4-0: 1, and 4-5: 1, 
to determine the liquidus and solidus arrests. As 
shown in Fig. 1, there is no indication of a tetra- 
manganous phosphate: the Mn,P,0,-MnO system 
is eutectiferous. As has been shown by Turkdogan 
and Maddocks,‘ specific-volume/composition curves 
can be of great value in assessing phase relationships. 
The specific volumes of the above mixtures are plotted 
against composition in Fig. 2. The fact that the points 
lie on a straight line joining those for Mn,P,0, and 





Q 
Ww 


; “ 
025 ine 





bs a 


SPECIFIC VOLUME, mt/q 


























O2 = 
Mn-P,0,00 70 80 90 MnO 
_— MnO, wt-% 
Fig. 2—Specific-volume/composition curve for MnO- 
P.O, melts 


APRIL, 1954 


Mn0 « 
menta 


Reduci 


Inv 
phosp! 
Mn! 


and tk 


The 
calcula 
as at tl 
a signi 
presen 
made, 
P.-P, 

The 
evalua 
a givel 
of flov 
can be 
betwee 
segregi 
libriun 
indicat 
reduct: 
84-59% 
inlet, 1 
its orig 
The av 
AG®, f 
tion of 

2H 


permit 
3MnO 
Values 


Treatn 


Beca 
of AG 
temper 
liable 
higher 
proced: 
data o1 
togethe 
AG? ,/7 














ized 
free 
hat 
are 
fter 
SS a 
ned 


1 of 


the 
ya 
‘ici- 
iam 
1 be 
rap. 
1 of 
ron 
ater 
sure 
has 
rus 
ler 


ept 
sure 
roa 
" at 
wn 
nge 


ous 
ses 
/on 
9 to 


As 
tra- 
tem 
gan 
"Ves 
ips. 
ited 
ints 
and 


nO- 


OF FORMATION OF MANGANOUS ORTHOPHOSPHATE 443 


MnO confirms the indications of Fig. 1. The experi- 
mental results are given in Table I. 


Reduction of Mn,P,O, 


In view of these results, the reduction of manganous 
phosphate by hydrogen may be written: 

Mn,P,0,(sol) + 5H,(gas) = 3MnO(sol) + debeonie 

+ 5H,O(gas)... a 
and the equilibrium constant is: 
K, = Pu.0 . Pp,/Pu,® 

The partial pressures of the gases involved were 
calculated by the method described by Bookey,® but 
as at the temperatures concerned in these experiments 
a significant proportion of the phosphorus vapour was 
present as P, molecules, appropriate corrections were 
made, using the data of Stevenson and Yost® on the 
P,-P, equilibrium. 

The results are given in Table II, where logK, is 
evaluated for each flowrate and temperature. For 
a given temperature, logK, is essentially independent 
of flowrate of hydrogen over the range used, and it 
can be assumed that equilibrium had been established 
between the gas and solid phases and that thermal 
segregation had been avoided. The fact that equi- 
librium was established during the experiments is also 
indicated by the finding, after completion of the 
reductions, that the charge had been reduced (to 
84:5°% of MnO) only at the end nearest to the gas 
inlet, while the other end of the charge had retained 
its original colour and still contained 59-0% of MnO. 
The average value of logK, was used to calculate 
AG®°, for reaction (2) at each temperature. Combina- 
tion of these values with the equation’: 

2H,(gas) + O,(gas) = 2H,O(gas) 
AG°, = — 118,000 + 26°75T cal. ............(8) 


permits the calculation of AG®, for the reaction 
3MnO(sol) + P,(gas) + 240,(gas) = Mn,P,0,(sol)...(4) 
Values of AG, are given in the last column of Table IT. 


Treatment of Results 


Because the temperature range for which the values 
of AG°, were obtained is narrow, a free-energy/ 
temperature relationship derived solely therefrom is 
liable to large and unknown errors if it is used at 
higher or lower temperatures. A more satisfactory 
procedure is to evaluate AG®, at absolute zero from 
data on heat of formation and heat content, and this, 
together with the experimental results, will fix the 
AG ,/T relationship. 



































Table I 
RESULTS OF THERMAL ANALYSES 
Eutectic | Liquid 
MnO/P,0, MnO, Tee Teun, |Seeetey, Lene 
Ratio % °C. é-/ml. 1 . 
+ Fc + 3° Cc. mm. -/B- 
3:1Mn,(PO,), |59-7 |mp.1119} ... | 3-759 | 0-266 
34:1 63-34] 1043 1090 3-882 | 0-257 
4:1 66-38 1048 1084 3-966 | 0-252 
44:1 68-95 1041 1194 4-043 | 0.247 
Pure MnO 99.8 ~ vark 5-316 | 0-188 
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Table II 
EQUILIBRIUM CONSTANTS FOR REDUCTION OF 
Mn,P,O, 
Temp., Flowrate, AG’;, AG’,, 
°K litres/hr. log K, k.cal. k.cal. 
953 1-74 —23-84 
ar 2-001 —23-82 
pA 2-508 —23-88 
Average —23-85 —104-0 335-3 
1023. 2-04 —22-63 
< 2-73 —22-64 
- 2-736 —22-55 
Average —22-61 —105-8 332-4 
1073 1-74 —21-08 
°° 2-517 —21-02 
” 2-514 —21-09 
” 3-012 —21-08 
Average —21-06 —103-4 326-6 
1113 1-992 —20-41 
a 2-496 —20-46 
” 2-988 —20-47 
9 3-354 —20-47 
a 3-33 —20-51 
Average —20-46 -—104-2 324-8 
1143 1.974 —19-68 
” 2-964 —19-65 
a 3-942 —19-76 
Average —19-70 —103-0 321-6 





The same procedure may be applied to Bookey’s 
results for the reduction of calcium and magnesium 
phosphates;* 1 for reasons which will be clear later, 
the case of tricalcium phosphate will be considered 
first. The heat of formation of Ca,P,0, from its 
component oxides has been recently determined?: 

3CaO(sol) + P,0;(sol) = Ca3P,0, (sol) 
AH®s 420% = — 162,680 cal. 


This value should be corrected to the standard tem- 
perature, 298° K., by using the appropriate heat 
contents® (the correction is + 50 cal.) and the heat 
of formation of P,O,; from phosphorus vapour and 
oxygen at 298° K., t.e., — 393,820 cal. A further 
correction must then be made to evaluate the heat of 
reaction at absolute zero. This requires a knowledge 
of the low-temperature heat contents of CaO, CagP,05, 
P,, and O,. The heat contents of P, are not known, 
but it appears to be permissible to assume that they 
are similar to those of O,. Data taken from Kelley"! 
then indicate that this correction is + 3100 cal. The 
total correction to be applied to AH°s4s° x. is there- 
fore — 390,670 cal. 

Insufficient data are available to carry out the same 
type of correction for the cases of tetracalcium, 
magnesium, and manganous phosphates, but in view 
of the similarity of the compounds and of overall 
errors in experimental results and existing data it 
appears to be permissible to apply the correction of 
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Table III 
HEATS OF FORMATION 

Reaction Ait 38° K., Reaction Fp 
3CaO(sol) + P,O,(sol) = Ca;P,O,(sol) | —162-68 | 3CaO(sol) + P,(gas) + 240,(gas) = Ca,P,0,(sol) — 553-350 
4CaO(sol) + P,O,(sol) = Ca,P,0,(sol) | —172-91 | 4CaO(sol) + P,(gas) + 240,(gas) = Ca,P,0,(sol) — 563-580 
3MgO(sol) + P,O,(sol) = Mg,P,0,(sol)} —110-94 | 3MgO(sol) + P,(gas) + 240,(gas) = Mg,P,O,(sol) | —501-610 
3MnO(sol) + P,O,(sol) = Mn,P,0,(sol)} —105-23 | 3MnO(sol) + P,(gas) + 2$0,(gas) = Mn,P,0,(sol) | —495-900 




















— 390,670 cal. to the heats of formation determined 
at 348° K., to obtain AH®*,, which is the same as 
AG*, since AG° = AH° — TAS*. 

Table III gives the heats of formation recently 
determined*® }* and the corresponding values of AG‘. 
These values have been plotted in Fig. 3, together 
with those of AG°, from Table II and corresponding 
values taken from Bookey’s experiments,! 5 and the 
best straight lines drawn through the points. The 
resulting equations are: 

8MnO(sol) + P,(gas) + 240.(gas) = Mn;P.0s (sol) 
°598-1390°K, = — 495,900 + 1567’ cal. ...(5) 


38MgO(sol) + P.(gas) + 240,(gas) = Mg3P.0s (sol) 
Gog 1600°K. = — 501,610 + 1447’ cal....(6) 


3CaO0( (sol) + P,(gas) + 240,(gas) = Ca,P,0, (sol) 
T°oog-1930°K, = — 958,850 + 1407 cal. ...(7) 


4CaO (sol) + + P,(gas) + 240.(gas) = Ca,P,0, (sol) 
1940°K. ~ ~~ 563, 580 + 1447’ cal. ..(8) 


298- 


Owing to the uncertainties in the data used in these 
calculations, particularly in those of the heat of 
formation of phosphorus pentoxide and the heat of 
vaporization of yellow phosphorus, these equations 
are estimated to have an accuracy of the order of 
+10 k.cal., although relative to each other the 
accuracy is probably +- 5 k.cal. 


DISCUSSION 
Equation (1) was derived from a consideration of 
slag and metal compositions at steelmaking tempera- 
tures, and it was suggested that the factors A; (see 





























iy 
-300 ———. ay 
x) Pa a 
2 -400 [p> A 
= 
8 ee 
a 
as 50 SA © Mn;P,O, Present work 
a ¥ Mg,P,0, 
* Ca,P,O, } Bookey 
-600 * Ca,F,Oz 











{OOO 7 2000 
TEMPERATURE, K. 
aMeO(sol) + P,(gas) + 230,(gas) = zMeO.P,0,(sol) 
Fig. 3—Curves of AG°r vs. T for various phosphates 
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Turkdogan and Pearson?), by which the mole fractions 
of oxides were multiplied, were related to the stabilities 
of the corresponding phosphates, 7.e., that they should 
be a function of the free energy of formation of the 
phosphate from the basic oxide dissolved in slag and 
oxygen and phosphorus dissolved in iron. Unfortu- 
nately, there are insufficient data on heats and 
temperatures of fusion of the oxides and phosphates 
to enable a rigid correlation to be carried out, and 
comparison must be made on the basis of the reactions 
involving the solids. 

Equations (5), (6), and (7) refer to gaseous phos- 
phorus and oxygen as standard states, whereas the 
reaction in steelmaking involves these elements dis- 
solved in iron. As the necessary correction would be 
common to all three equations, it may be omitted. 

At a temperature of 1600°C. the values of 
— AG*is73° x, calculated from equations (5), (6), and 
(7), and the corresponding factors A; from equation 
(1), are: 


— AG°®, = + 204 k.cal. Amno = 13 
— AG°, = + 232 k.cal. Amgo = 15 
— AG, = + 291 k.cal. Acao = 22 


There is a very satisfactory correlation between the 
magnitude of the factor A; and the stability of the 
phosphates as measured by the free energy of forma- 
tion from the basic oxide, phosphorus, and oxygen. 
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ANNOUNCEMENTS AND NEWS OF SCIENCE AND INDUSTRY 





THE IRON AND STEEL INSTITUTE 


Annual General Meeting, 1954 


The Annual General Meeting of the Institute will be 
held on Wednesday and Thursday, 26th and 27th May, 


1954. The programme is as follows: 


Wednesday, 26th May 


Morning Session (at the Royal Institution, Albemarle 
Street, London, W.1) 


9.45-10.15 a.m.—Formal business, including: 
Report of Council and Accounts for 1953 
Presentation of Medals and Prizes 

10.15-11.0 a.m.—Presidential Address by the Hon. 
R. G. Lyttelton 

11.0-11.30 a.m.—Interval 

11.30 a.m.—12.30 p.m.—Seventh Hatfield Memorial 
Lecture on ‘‘ Development in the Iron and Steel 
Industry in Great Britain During the last Twenty- 
Five Years,” by Dr. T. P. Colclough, C.B.E. 

1,0-2.30 p.m.—Buffet Luncheon in the Library at 
4 Grosvenor Gardens, London, 8.W.1 


Afternoon Session (at 4 Grosvenor Gardens, London, 
S.W.1) 


2.30-3.45 p.m.—Discussion on: 

*“* Soaking-Pit Practice at the Normanby Park Steel- 
works of John Lysaght Ltd.,” by A. H. Norris 
(Dec., 1953) 

3.45-5.0 p.M.—Discussion on: 

“Some Factors Affecting the Wear of Graphite 
Electrodes in the Electric Arc Furnace,” by the 
Electric Process Sub-Committee of B.I.S.R.A. 
(Feb., 1954) 

Evening—Annual Dinner, to be held at Grosvenor House, 
London, W.1. The Principal Guest will be the Rt. 
Hon. Harold Macmillan, P.C., M.P., Minister of 
Housing and Local Government, who has kindly agreed 
to propose the toast of ‘ The Iron and Steel Institute 
and Industry.’ The Very Reverend A. C. Don, 
K.C.V.O., Dean of Westminster, has kindly agreed to 
reply to the toast of ‘ The Guests.’ 


Thursday, 27th May 


Morning Session (at 4 Grosvenor Gardens, London, 
S.W.1) 


10.0 a.M.—1.0 P.M. (with interval for refreshments at 
about 11.0 a.m.)—Joint Discussion on: 

‘** Butectic Solidification in Grey, White, and Mottled 
Hypo-Eutectic Cast Irons,” by A. Hultgren, Y. 
Lindblom, and E. Rudberg (Apr., 1954) 

** Structural Changes During Annealing of White 
Cast Irons of High S: Mn Ratios,” by A. Hultgren 
and G. Ostberg (Apr., 1954) 

‘* The Growth of Nodular Graphite,’ by M. Hilbert 
and Y. Lindblom (Apr., 1954) 
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“ The Solidification of Nodular Iron,” by H. Morrogh 
(Apr., 1954) 

“*Undercooled Graphite in Cast Irons and Related 
Alloys,” by H. Morrogh and W. J. Williams (A pr., 
1954) 

“The Solidification of Fe-P-C Alloys,” by H. Morrogh 
and P. H. Tiitsch (Apr., 1954) 

** Decomposition of Cementite During Solidification 
of Cast Iron,” by A. Berman and V. Kondic (Apr., 
1954) 


1.0-2.15 p.m.—Buffet Luncheon 


Afternoon Session 


2.15—-4.30 p.m.—Joint Discussion on: 

** New Swedish Mill Designs and Layouts for Medium 
and Small Sections and Wire Rod,” by E. Norlindh 
(Apr., 1954) 

“The New Fagersta Wire-Rod 
Pihlblad (Apr., 1954) 

“ Roller Bearings in Swedish Rolling Mills and the 
SKE Rolling-Mill Design,” by A. Leufvén (Apr., 
1954) 

‘“* Practical Experience in the Use of Repeaters in a 
Looping Mill,” by H. W. Riddervold (Apr., 1954) 


Mill,” by K.-E. 


Special Meeting in Sweden, 1954 
A special meeting of The Iron and Steel Institute will 
be held in Sweden from 5th to 19th June, 1954. Details 
of the programme were given in the February issue of 
the Journal, p. 217. 


Symposium on Powder Metallurgy 


The Iron and Steel Institute is organizing a second 
Symposium on Powder Metallurgy, to be held in London 
on Wednesday and Thursday, lst and 2nd December, 
1954. Further details of the programme will be given 
in later issues of the Journal. 


Institute of Metals and Société Francaise de 
Metallurgie 


The Société Frangaise de Métallurgie and the Institute 
of Metals will hold a Joint Spring Meeting in London 
from Monday to Friday, 26th-30th April, 1954, with an 
extension from Saturday to Tuesday, Ist-4th May, for 
members and ladies of the French society. 

Members of The Iron and Steel Institute are invited to 
attend the meeting on the same basis as members of the 
Institute of Metals, and, as the Société Frangaise de 
Métallurgie covers both ferrous and non-ferrous metal- 
lurgy, a session on ferrous metallurgy is being arranged 
in co-operation with The Iron and Steel Institute. 

All scientific sessions (except for the May Lecture, 
which will be given at the offices of the Royal Institution, 
Albemarle Street, London, W.1) will be held at Church 
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House, Great Smith Street, Westminster, London, S.W.1. 
The programme is as follows: 

Monday, 26th Apr.—Opening ceremony of the meeting, 
when members of the Société will be welcomed by 
Professor F. C. Thompson, President of the Institute 
of Metals, and Professor Sir Cyril Hinshelwood, 
Foreign Secretary of the Royal Society. This will 
be followed by the May Lecture, to be given by 
Professor L. F. Bates, on magnetic characteristics 
of metals. 

Tuesday, 27th Apr.—Annual General Meeting of the 
Institute of Metals, and a non-ferrous scientific 
session. In the morning there will be a cocktail 
party, and in the evening a Reception given by Her 
Majesty’s Government, for members and ladies of 
the Société. 

Wednesday, 28th Apr.—Symposium on “ The Control of 
Quality in the Production of Wrought Non-Ferrous 
Metals and Alloys,”’ and discussions on precipitation 
and hardening. There will also be a discussion on 
ferrous metallurgy; the following papers which have 
been published in the Journal of The Iron and Steel 
Institute will be presented : 

“* Diffusion of Nitrogen in Iron,” by J. D. Fast and 
M. B. Verrijp (Jan., 1954) 

“* Assessment of Weldability by Rapid Dilatation 
Tests,” by C. L. M. Cottrell (May, 1953) 

“ Continuous-Cooling Transformation Diagrams of 
Steels,” by W. Steven and G. Mayer (May, 1953) 

“ Effect of Hydrogen on the C.C. Transformation 
Diagram for a Mn—Mo Steel,” by C. L. M. Cot- 
trell (Mar., 1954) 

The following papers by French authors will also be 

presented: 

‘““A New Theory of Martensitic Transformation,” 
by C. Crussard and J. Philibert 

“The Phenomenon of Overheating in Aluminium 
Alloys,”” by C. Boulanger 

“* Researches on Selective Oxidation of Ni-Cr Alloys 
at High Temperatures,” by J. Nozeau and J. 
Benard 

Thursday, 29th Apr.—Discussion on ‘“‘ Recovery and 
Recrystallization,” *‘ Continuous Casting,” and ‘‘ Mo- 
lybdenum Alloys and the Arc Melting of Metals.” 
There will be visits to works and laboratories, and 
in the evening a Reception given by the French 
Ambassador. 

Friday, 30th Apr.—Visits to works or laboratories outside 
London, or to Cambridge. 


Awards 


Bessemer Gold Medal 

The Bessemer Gold Medal for 1954 has been awarded 
to Dr. T. P. Colclough, C.B.E., Technical Adviser and 
Consultant to the British Iron and Steel Federation, for 
his distinguished contribution to the development, in 
theory and practice, of the manufacture of iron and 
steel. 

A portrait and biography of Dr. Colclough appear as 
the frontispiece to this issue. 


Sir Robert Hadfield Medal 


The Sir Robert Hadfield Medal for 1954 has been 
awarded to Dr. A. H. Leckie, Technical Officer to the 
Iron and Steel Board, in recognition of his valuable 
contributions to research in steelmaking. 


. Andrew Carnegie Silver Medal 


The Andrew Carnegie Silver Medal for 1953 has been 
awarded to Mr. G. R. Bish for his paper, written in 
collaboration with Professor H. O’Neill, on ‘‘ The 
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Deformation of Austenite in Relation to the Hardney 
Characteristics of Steel’ (Journal, Apr., 1953). 
Williams Prizes 

Two prizes have been awarded for 1953. One award 
is to Mr. A. H. Norris for his paper on “ Soaking Pit 
Practice at the Normanby Park Steelworks of John Lysaght 
Ltd.”’ (Journal, Dec., 1953), and the other is to Mr, 
E. R. 8. Watkin for his paper on “ Railway Traffic of 
the Appleby-Frodingham Steelworks”? (Journal, Jan, 
1953). 


Andrew Carnegie Research Fund 


The following awards have been made: 

Mr. S. W. K. SHaw (Sheffield University): £100 to 
assist his research on carbide formation at 700° C. in 
low-carbon, chromium—vanadium steels. 

Mr. J. Witcock (Liverpool University): £100 to assist 
his research on the influence of sulphur and manganese 
on the graphitization of the iron—carbon-silicon system. 

Mr. 8S. V. RapcuirFe (Liverpool University): £50 to 
assist his research on the isothermal transformation of 
austenite in the region of the change from pearlite to 
bainite formation. : 


NEWS OF MEMBERS 


> Mr. E. N. AtiBeson has left the U.K. for Canada, 
where he has joined the Industrial Division of Dominion 
Engineering Co., Ltd., Montreal. 

> Mr. M. G. BapER has completed his service with the 
R.A.F. and has taken up a research studentship at 
Battersea Polytechnic. 

> Mr. W. L. Barrett has left the U.K. for Canada, 
where he has joined the British Columbia Research 
Council, University of British Columbia, Vancouver. 

> Professor P. G. Bastien has been elected President 
of the Société des Ingénieurs Civils de France. 

> Mr. C. P. Brrxin has been appointed Editor of Jron 
and Steel, in succession to the late Mr. W. E. Benbow. 
> Mr. A. G. CALVER has left the Manganese, Bronze and 
Brass Co., Ltd., to take up a post as metallurgist at the 
Suffolk Iron Foundry (1920) Ltd., Stowmarket. 

> Mr. S. G. Davies has retired from his appointment 
with Richard Thomas and Baldwins Ltd. 

> Mr. J. A. Evans has been appointed Assistant Manager 
of the Heat-Treatment Department of the Hoffman 
Manufacturing Co., Chelmsford. 

> Dr. F. A. Fox has left the Department of Supply, Mel- 
bourne, to join the Chemical and Physical Research 
Laboratories at Salisbury, South Australia. 

> Mr. F. Franks, Director of the Furnival Steel Co., 
Ltd., and of George Robson and Co. (Conveyors), Ltd., 
is paying a business visit to South America, where he will 
work in association with Aceros Furnival Ltda. 

> Mr. I. C. H. Hucuss has left the Mond Nickel Co., 
Ltd., to join the staff of the British Cast Iron Research 
Association. 

> Dr. J. W. JENKIN has been elected a Fellow of the 
Royal Institute of Chemistry. 

> Mr. K. E. Jermy has left the National Coal Board to 
take up an appointment with the Zinc Development 
Association. 

> Lt.-Col. H. M. Leyzanp has been awarded the 
Emergency Reserve Decoration. 

> Mr. C. E. A. SHANAHAN has left B.I.S.R.A. to take 
up an appointment as Chief Chemist in the R.T.S.C. 
Central Research Laboratories, Aylesbury. 

> Mr. L. G. V. Sxetron has left Richard Thomas and 
Baldwins Ltd. 

> Mr. G. E. Spercut has left the United Steel Companies, 
Ltd., to take up the appointment of Assistant Director 
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of Research at the R.T.S.C. Central Research Labora- 
tories, Aylesbury. 

> Mr. J. Stanton has left the U.K. for India, where he 
has taken up an appointment with the Kumardhubi 
Engineering Works, Bihar. 

> Mr. Rupotr von TrnT1 has been awarded the degree 
of Dr. Ing. 

> Mr. L. E. WEzsB has been awarded the degree of Ph.D. 
of London University, and has taken up an appointment 
with the Fulmer Research Institute Ltd. 


Obituary 


Mr. J. K. Bkanpwoop, of the Broken Hill Proprietary 
Co., Ltd., Newcastle, N.S.W., Australia, on 1st December, 
1953. 


CONTRIBUTORS TO THE JOURNAL 


Axel G. E. Hultgren—Emeritus Professor of Metallo- 
graphy at the Royal Institute of Technology, Stockholm. 

Professor Hultgren was born at Férlésa, Kalmar, 
Sweden, in 1886. He received his technical education 
at the Royal Institute of Technology, Stockholm, and 
was awarded the degree of met. eng. in 1908. From 1911 
to 1914 he worked in the Material Testing Institute of 
the Institute of Technology. He then spent six months 
at the Technische Hochschule of Charlottenburg, 
Germany, studying metallography under Professor H. 
Hanemann and Professor W. Guertler. In 1915 he took 
up an appointment in charge of research and heat 
treatment with the Swedish Ball Bearing Co. (SKF) at 
Gothenburg, a position which he held until 1926. During 
this time he spent a year in the U.S.A. with SKF 
Industries Inc., Philadelphia. He then joined the Séder- 
fors Steelworks as a Research Engineer. He returned to 
Stockholm as a consulting metallurgist in 1932, until 
in 1934 he became an Instructor at the Royal Institute 
of Technology. He was appointed Professor of Metallo- 
graphy in 1938. 

Professor Hultgren’s main interests have been in the 
fields of solidification structures of killed and rimming 
steel, isothermal transformation and hot deformation 
structures of steel, various defects in steel, heat-treating 
furnaces, and testing methods. The author of many 
papers, he is an honorary member of the American 
Society for Metals and Svenska Metallografférbundet; 
he was an honorary corresponding member of the 
Council of the Institute of Metals from 1949 to 1952. 

C. Gustaf Ostberg—Research Metallurgist with the 
Foundry Division of the Swedish Federation of Mechani- 
cal Engineering Industries, Stockholm. 

Mr. Ostberg was born in 1926. He received his 
technical education at the Royal Institute of Technology 
in Stockholm, graduating in 1950. He carried out 
research work on malleable iron under Professor Axel 
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Hultgren for two years. After visiting the U.S.A., where 
he studied cast iron metallurgy, he took up his present 
appointment in 1953. 


H. W. Riddervold—Rolling Mill Superintendent at 
Christiania Spigerverk, Oslo. 

Mr. Riddervold was born in 1912. He received his 
technical education at Norges Tekniske Hégskole, 
Trondheim, and graduated in 1936. He has held appoint- 
ments with Kongsberg Vabenfabrikk, Kongsberg, A/S 
Myrens Verksted, Oslo, and Norsk Blikkvalseverk, 
Bergen. He took up his present appointment in 1940. 
He has been Chairman of Norsk Metallurgisk Selskap 
since 1952. 


M. W. Thring, M.A.—Professor of Fuel Technology, 
University of Sheffield. 

Professor Thring took a First Class Honours Degree 
in Mathematics and Physics at Trinity College, Cam- 
bridge, and received the Rouse Ball Prize in 1937. In 
the same year he was appointed Assistant Scientific 
Officer to the British Coal Utilisation Research Associa- 
tion, and was promoted, in 1942, to Senior Scientific 
Officer and Officer-in-Charge of the Combustion Research 
Laboratory. In the following three years he and his 
team were largely engaged on a co-operative research 
with Dr. J. H. Chesters and the United Steel Companies, 
Ltd., into the study of flames in furnaces; the ‘ Down 
Jet ’ method of combustion, the use of radon for study- 
ing gas flames, in furnaces, and the water-cooled Heat 
Flow Meter originated in Professor Thring’s team. In 
1945 he was appointed Head of the Physics Department 
of the British Iron and Steel Research Association. He 
was responsible for organizing this Department, and its 
work included studies of continuous casting, the aero- 
dynamics of furnaces, and the development of a number 
of instruments for steelworks. He has made a special 
theoretical study of turbulent jet diffusion flames. In 
1953 he was made an Assistant Director of B.I.S.R.A., 
and in the same year he was appointed to the Chair of 
Fuel Technology at Sheffield. 


Professor Thring has written a large number of papers 
on various aspects of fuel utilization and has also been 
responsible for some rather more theoretical papers on 
laws governing energy flow in heating appliances. He 
has served on the Temperature Measurement Committee 
of the British Standards Institution. He was concerned 
in the inception of the International Flame Radiation 
Research at Ymuiden in Holland, and since 1950 has 
been General Superintendent of these Researches, which 
have established the combustion and heat transfer 
characteristics of turbulent jet diffusion flames of oil and 
coke oven gas. In 1949 he was awarded the Sir Robert 
Hadfield Medal of The Iron and Steel Institute for his 
studies on open-hearth furnaces. His book, “‘ T'he Science 
of Flames and Furnaces,” was published in 1950. 
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S. E. M. Norlindh K.-E. Pihlblad 

§. Erik M. Norlindh—Head of sales and chief designer 
of hot rolling mills at Morgardshammars Mekaniska 
Verkstads AB, Morgardshammar, Sweden. 

Mr. Norlindh was born in 1909. He was educated at 
Malm6é Technical School and at the Technical High 
School at Stockholm, where he graduated in 1932. From 
1933 to 1941 he was assistant superintendent of the hot 
rolling mill at the SKF Hofors Works. He then became 
rolling-mill superintendent at the Hellefors Works, until 
in 1944 he took up his present appointment. 

Mr. Norlindh has developed oval repeater rolling, a 
new type of mill stand, and combined rolling mills for 
medium and small sections and wire rod, and he has 
applied for ten patents in the field of bar and wire rod 
mills. 


Y. Lindblom, M.Eng.—Chief Metallurgist, Domnarfvets 
Jernverk, Domnarvet, Sweden. 

Mr. Lindblom was born in 1919, and received his 
technical education at the Royal Technical College, 
Stockholm. In 1948 he joined the staff of Metallografiska 
Institutet, Stockholm, where he was engaged on cast 
iron research. He took up his present appointment in 
1952. 

Erik Rudberg, Ph.D.—Director of the Swedish Insti- 
tute for Metal Research (Metallografiska Institutet), 
Stockholm. 

Professor Rudberg was born in Stockholm in 1902. 
He studied Chemistry and Physics at Stockholm Uni- 
versity, where he became Lecturer in Physics in 1929. 
He carried out research work in physics at the University 
of Géttingen in 1924, as a Ramsey Memorial Fellow at 
King’s College, London University, from 1925 to 1927, 
and as a Rockefeller Foundation Fellow at Bartol 
Research Laboratory, Swarthmore, U.S.A., from 1930 to 
1931. 
Technology where he held the appointment of Assistant 
Professor of Physics from 1932 to 1936. Returning to 
Sweden, he worked as a Research Physicist with the 
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P. H. Tiitsch 


A. Leufvén 


Swedish General Electric Co., Asea, until 1940, when he 
became Professor and Head of the Physics Department 
at the Chalmers Institute of Technology, Gothenburg, 
He took up his present appointment as successor to the 
late Gésta Phragmén in 1945. Professor Rudberg’s earlier 
work has been concerned with electron emission, electron 
theory of metals, vapour pressure, and reaction velocity. 

Karl-Erik Pihlblad—Superintendent of Rolling Mills at 
Fagersta Works, Fagersta Bruks AB, Sweden. 

Mr. Pihlblad was born at Eskilstuna in 1914. He 
received his technical education at the Technical 
High School, Stockholm, where he graduated in 1938, 
After two years as assistant professor at Technical 
School he served as assistant to the Mill Superin- 
tendent at Fagersta Works. In 1942 he became Super- 
intendent of Rolling Mills at Klosterverken, Langshyttan, 
and in 1949 he took up his present appointment. Mr. 
Pihlblad is a member of the Jernkontoret Research 
Committee for Hot Rolling. 


Axel Leufvén—Chief Engineer of the Steel Mill 
Division, AB Svenska Kullagerfabriken (SKF), Gothen- 
burg, Sweden. 

Mr. Leufvén was born at Boras, Sweden, in 1900. He 
received his technical education at the Royal Institute 
of Technology, Stockhelm, and graduated in 1924. His 
first appointment was at Finspongs Metallverk, F'in- 
spang, from where he joined Les Petits Fils de Francois 
de Wendel et Cie., at Hayange in France. Returning to 
Sweden, he took up an appointment with SKF at 
Gothenburg. After several years with SKF in Germany, 
where he specialized in rolling mill bearings, he returned 
to Gothenburg and took up his present appointment. 

P. H. Tiitsch, Dipl.masch.ing., D.Sc.(Tech.)—Foundry 
Manager, Oehler and Co., Aarau, Switzerland. 

Dr. Tiitsch was born at Winterthur, Switzerland, in 
1918. He was educated at the Higher School, Winterthur, 
leaving in 1938. He spent 18 months in foundry and 
engineering shops, and then took up his studies at the 
Eidgendéssische Technische Hochschule in Ziirich, where 
he was awarded the degree of Dipl.masch.ing. in 1945. 
He spent a further year at E.T.H., and then entered 
the foundry department of Gebriider Sulzer at Winter- 
thur. In 1947 he visited the U.K. and worked for 18 
months in the laboratories of the British Cast Iron 
Research Association. Returning to Gebriider Sulzer, 
he worked in the metallurgical laboratories, and during 
this time was awarded the degree of D.Sc.(Tech.) of 
E.T.H., Zurich, for work on the solidification processes 
in the iron—phosphorus—carbon system, carried out whilst 
in the U.K. He took up his present appointment in 1952. 

E. M. Fenn, B.Sc., A.R.I.C.—On the staff of the 
Chemistry Department of the British Iron and Steel 
Research Association. 

Mr. Fenn received his technical education as an ex- 
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ANNOUNCEMENTS AND News 


ternal student of London University, and was awarded 
an Honours degree in Chemistry in 1946. He was made 
an A.R.I.C. in the same year. He spent a year in the 
research laboratories of Howards and Sons Ltd., and 
then joined Johnson, Matthey and Co., Ltd., where for 
four and a half years he carried out research on processes 
for the production of pure chemicals and non-ferrous 
metals. He took up his present appointment in 1952, 
and has since been engaged on physical chemistry 
research. 


IRON AND STEEL ENGINEERS GROUP 


A meeting of Junior Engineers will be held at Buxton, 
Derbyshire, from Monday to Thursday, 26th-29th April, 
1954. Mr. C. H. T. Williams, Chairman of the Engineers 
Group, will be in the Chair. Four papers will be presented 
for discussion: “‘ The Starting Up of an Automatic Re- 
peating Hoop Mill,” by D. W. Ainsbury (Barrow Steel 
Works Ltd.); ‘‘ The Installation and Commissioning of 
the Electrical Equipment Associated with a Bessemer Con- 
verter Plant,” by J. 8S. Reed (Consett Iron Co., Ltd.); 
“The Erection and Commissioning of a Large Combined 
Ingot Stripping, Charging, and Drawing Crane,” by 
W. D. B. Glass (Colvilles Ltd.); ‘‘ The Commissioning of 
a Reheating Furnace,” by B. L. Nixon (Round Oak 
Steelworks Ltd.) and A. Hunter (Stein and Atkinson 
Ltd.). The programme will also include a lecture on 
“The Iron and Steel Industry in the United States of 
America,” and visits to steelworks in Sheffield and 
Rotherham. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 


Stereoscopic Films 


The British Iron and Steel Research Association has 
produced several high-speed three-dimensional films, 
showing the interior of a blast-furnace seen through a 
tuyere. These films, which were shown with the aid of 
apparatus designed and built in the Physics Laboratory 
of B.I.S.R.A., were first presented at the Seventh Inter- 
national Festival of Science Films in London in Sept- 
ember, 1953. They were also shown at three meetings 
of the International Festival of Industrial Films, held 
by the Cinémathique de Belgique in Brussels, Liége, and 
Charleroi, in January, 1954, and later at the Royal 
Dutch Blast Furnaces and Iron Works, in Ymuiden. 


BRITISH STEEL CASTINGS RESEARCH 
ASSOCIATION 


The British Steel Castings Research Association has 
recently re-elected its Council, as follows: 
C. H. Kain (Chairman) 


A. H. Carton Brigadier A. LEVESLEY, 


J. CURRIE O.B.E. 
C. J. DapsweEtt, Ph.D., A. B. Luoyp, B.A. 
B.Sc.(Eng.) F. N. Luoyp, B.A. 


E. Gregory, Ph.D., M.Sc. R. J. RicHarpson 
R. Hunter, Ph.D., B.Sc. F. Rowe, B.Sc. 
J. JACKSON W. Scott, O.B.E. 

The Association has also appointed a Research Com- 
mittee, under the Chairmanship of Dr. Edwin Gregory, 
and plans are being considered for the establishment of 
a Research Station and Laboratories in Sheffield. 


NEWS OF SCIENCE AND INDUSTRY 


Society of Engineers 


The Society of Engineers, the third oldest engineering 
society in Britain, will celebrate its centenary in May, 
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1954. The programme of celebrations will include a 
conversazione to be held at the Science Museum, South 
Kensington, on 4th May, and a meeting devoted to the 
presentation of papers on 100 years’ progress in civil, 
mechanical, electrical, and aeronautical engineering, to 
be held at Burlington House, London, W.1, on 5th May. 


Short Course in Metallurgy 


The Ministry of Education will hold a Short Course 
in Metallurgy for teachers from Technical Colleges, at 
the County Technical College, Wednesbury, from 14th 
to 24th July, 1954. The course will deal with modern 
metallographic techniques, mechanical and thermal 
treatment, modern methods of analysis, and radiographic 
techniques. Forms of application for admission (Form 
106 TSC.) may be obtained from Local Education 
Authorities, and should reach the Ministry by not later 
than 15th May, 1954. 


Spanish Iron and Steel Institute 

The Third General Assembly of the Spanish Iron and 
Steel Institute will be held in December, 1954. Members 
who wish to submit papers for discussion at the meeting 
should forward them to the Spanish Iron and Steel 
Institute, Villanueva 15, Madrid, by not later than 
30th June, 1954. 


European Productivity Agency 

The Organization for European Economic Co-operation 
has recently published the First Annual Programme of 
the European Productivity Agency, which was set up 
by the Council of the O.E.E.C. in May, 1953. The 
programme is divided into six main headings: Specific 
economic and legal problems; technical and administra- 
tive problems of industry and commerce; human factors 
of management and labour; applied research and tech- 
nology; food and agriculture; information and general 
services. 


New Company 


A new Company, George Cohen Sinteel Ltd., has 
recently been formed to provide a technical advisory 
service on the development of powder metallurgy. The 
Company is an alliance of the Powder Metals Division of 
George Cohen Sons and Co., with the American Electro 
Metal Corporation Inc., and Metallwerk Plansee G.m.b.H. 
of Reutte. 


Industrial Publications Received 


> Toledo, Vanadia, and Cobaltcrom Hacksaw Blades— 
Darwins Ltd. 

> Brochure on the “‘Quicky”’ Portable Flame Cutting 
Machine Type ‘ B ’—Oxhycarbon Co., Ltd. 

> Cyclone Hacksaw Blades—English Steel Corporation 
Ltd. 

> Nickel Alloy Spring Materials—Includes details of 
design and manufacture—Publication No. 685—Henry 
Wiggin and Co., Ltd. 

> Range of Separation Equipment—Descriptions of the 
field of application of various types of centrifugal separ- 
ators—Bulletin No. 853/B—Sharples Centrifuges Ltd. 


Changes of Address 


BRITISH INSULATED CALLENDER’S CONSTRUCTION Co., 
Lrp., have removed to new offices at 30 Leicester Square, 
London, W.C.2. (Tel. Trafalgar 7777). 

THE DESIGN AND RESEARCH CENTRE FOR THE GOLD, 
SILVER AND JEWELLERY INDUSTRIES has removed to 
new premises at 26 Dover Street, London, W.1 (Tel. 
Hyde Park 9282). 
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CORRIGENDUM 


Formulation ef Anti-Corrosive Compositions for Ships’ 
Bottoms and Under- Water Service on Stee] — Part II 
Part of Table IX on p. 294P of the paper by F. Fancutt 


and J. C. Hudson (J. Iron Steel Inst., 1946, No. 2, pp. 
273P-296P) should read as follows: 


(1) (2) (3) (4) (5) 
(vi) Aluminium 
185 egx 212/A 95 71 1-66 
186 cgx 212/B 101 20 1-68 
187 egx 212/C 120 20 1-70 
188 egx 212/D 122 41 1-70 
189 egx 212/E 234 Nil 1-14 
190 egx 212/F 95 30 1-66 
191 egx 212/G 115 71 1-66 
192 egx 211/A 106 79 1-47 
193 egx 421/A 115 69 1-36 
194 egx 122/A 150 58 1-04 
195 egx 241/A 201 66 0-78 


The authors explain that this series of 11 paints con- 
taining aluminium was made by milling the other pig- 
ments with the appropriate medium and then mixing 
in the necessary quantity of an aluminium paint in the 
same medium. By an oversight, the original figures 
relate to the milled paint before the addition of the 
aluminium paint and the adjustment to the final con- 


sistency. 
DIARY 


1st Apr.—Tue Iron anp STEEL INstTITUTE (Joint meeting 
with the Société des Ingénieurs Civils de France)— 
“ The Ugine-Sejournet Process for the Hot Extrusion 
of Steel,” by Monsieur Sejournet—4 Grosvenor Gar- 
dens, London, S.W.1, 5.30 p.m. 

1st Apr.—LreEeps Metatiurcicat Socrery— Bearings 
and Bearing Alloys,” by R. T. Rolfe—Chemistry 
Department, The University, Leeds, 2, 7.15 P.M. 

5th Apr.—CLEVELAND INSTITUTION oF ENGINEERS— 
“ Acid Burdening Blast-Furnace Performance,” by 
A. Stirling—Cleveland Scientific and Technical 
Institution, Corporation Road, Middlesbrough, 6.30 
P.M. 

6th Apr.—SHEFFIELD METALLURGICAL ASSOCIATION 
(Methods of Analysis Group)—‘“‘ Analysis of Perma- 
nent Magnet Alloys,” by W. Wright—B.I.S.R.A., 
Hoyle Street, Sheffield, 7.0 p.m. 

6th Apr.—East Miptanps METALLURGICAL SocieETY— 
Annual General Meeting—‘‘ Wire Drawing,” by R.S. 
Brown—Nottingham and District Technical College, 
Shakespeare Street, Nottingham, 7.30 P.M. 

6th-9th Apr.—InstiTuTE or Puysics—Conference on 
“The Physics of Particle Size Analysis ’’—The 
University, Nottingham. 

8th Apr.—LiverPooL METALLURGICAL Socrety (Joint 
meeting with The Iron and Steel Institute and the 
North Wales Metallurgical Society)—Annual Meet- 
ing—‘‘ The Cold Working of Metals,” by J G. 
Wistreich—Liverpool Engineering Society, The 
Temple, Dale Street, Liverpool, 7.0 P.M. 

8th-18th Apr.—THE Puysicat Soctrty—38th Annual 
Exhibition of Scientific Instruments and Apparatus 

, London. 

12th Apr.—Junior INnstTiITUTION OF ENGINEERS (Shef- 
field and District Section)—‘‘ Choosing and Using 
Special Steels,” by A. V. Jobling—Livesey Clegg 
House, Sheffield, 7.30 p.m. 

18th Apr.—MippLEsBROUGH AND District ASSOCIATION 
OF FOREMEN, ENGINEERS AND CHIEF DRAUGHTSMEN 
—‘* Engineering and Development of Iron and Steel 
Works,” by A. Taylor—Cleveland Scientific and 
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Technical Institution, Corporation Road, Middles. 
brough, 7.30 P.M. 

18th Apr.—SHEFFIELD METALLURGICAL ASSOCIATION— 
** Powder Metallurgy as an Aid to Production,” by G. 
R. Bell—B.1.8.R.A., Hoyle Street, Sheffield, 7.0 p.x, 

14th Apr.—LIvERPooL METALLURGICAL SOCIETY—W orks 
visit to John Summers and Sons Ltd., Shotton. 

19th Apr.—SHEFFIELD Socrety oF ENGINEERS Anp 
METALLURGISTS—Film Evening—University Build. 
ing, St. George’s Square, Sheffield, 7.30 p.m. 

28rd Apr.—LIncoLNsHIRE IRON AND STEEL INSTITUTE— 
Annual Dinner—Wortley Hotel, Scunthorpe, 7.0 P.x, 

24th Apr.-9th May—6th Lizcr INTERNATIONAL Farr— 
Liége, Belgium. 

26th Apr.—NortrH East MeEtatiturcicat Society— 
“The Properties and Applications of Spheroidal 
Graphite Iron,” by A. B. Everest—Cleveland Scien. 
tific and Technical Institution, Middlesbrough, 7.15 
P.M. 

26th-29th Apr.—Iron anp STEEL ENGINEERS GRovP— 
Meeting of Junior Engineers—Buxton. 

26th Apr._4th May—InstituTE or Merats and Soctréri 
FRANCAISE DE METALLURGIE—Joint Spring Meeting 
—London. 

4th May—Socrety or Cuemicat Inpustry (Corrosion 
Group)—Annual General Meeting, followed by 
discussion on ‘Corrosion and Design *’’—Chemical 
Society, Burlington House, Piccadilly, London, 
W.1, 6.30 P.m. 

5th May—Socrety or EncrnEERS—Centenary Celebra. 
tions—Papers on 100 years’ progress of civil, 
mechanical, electrical, and aeronautical engineering 

Geological Society, Burlington House, London, 
W.1. 

5th May—Lereps Metatiurcicat Socrery—Film Night 
and Annual General Meeting—Chemistry Depart- 
ment, The University, Leeds, 2, 7.15 P.M. 

6th-7th May—aA Conference on Unit Processes of Oxida- 
tion will be held jointly by the Institution of 
Chemical Engineers, the Society of Chemical 
Industry (Chemical Engineering Group), the Konin- 
klijk Instituut van Ingenieurs (Chemical Engineer. 
ing Group), and the Koninklijke Nederlandse 
Chemische Vereniging (Section for Chemical Tech- 
nology), at The Hague. 


TRANSLATION SERVICE 


(The previous announcement was made in the March, 

1954, issue of the Journal, p. 306) 

TRANSLATIONS AVAILABLE 

No. 482 (German). G. Kowarscu: “‘ Experiences with 
Ingot-Mould Varnishes.” (Stahl und LEisen, 
1953, vol. 73, Dec. 3, pp. 1654-1656). 

No. 483 (German). K. Buncarpt: ‘‘ The Development 
of Heat-Resisting Steels with High Strength at 
Elevated Temperatures.” (Stahl und Eisen, 
1953, vol. 73, Nov. 5, pp. 1496-1503). 


TRANSLATIONS IN COURSE OF PREPARATION 


(German). H. SreGcet: ‘ The Treatment of Liquid Open 
Hearth Steel with Solid Electric Furnace Slag, 
and the Metallurgical Processes during Tap- 
ping.” (Archiv fur das Hisenhiittenwesen, 1952, 
vol. 23, Nov.—Dec., pp. 417-425). 

(German). W. Riemann: “The Significance of Fuel 
Economy in Hot-Working Operations in 4 
Works Making Special Steels.” (Stahl und 
Eisen, 1953, vol. 73, May 21, pp. 721-727). 

(German). H. G. Branpt: “ Ultrasonic Testing of Round 
Steel Bars for Internal Defects.” (Stahl und 
Eisen, 1953, vol. 73, Dec. 17, pp. 1717-1720). 
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MINERAL RESOURCES 


A New Mine for Michigan’s Gogebic Range—The Peterson. 
(Eng. Min. J., 1953, 154, Sept., 76-79). In view of the rapid 
diminishing of reserves of high-grade hematite ore, a pro- 
gramme of deep exploration below several old mines at 
Bessemer, Mich., has revealed further deposits. Full pro- 
duction from the new shaft is expected by the end of 1955. 

Bull Valley Iron-Ore Deposits, Washington County, Utah. 
§. W. Zoldok and 8S. R. Wilson. (U.S. Bur. Mines Rep. Invest. 
4948, Mar., 1953). An account of field work carried out at 
Bull Valley, 30 miles S.W. of the highly productive Iron 
Springs district in Utah, to investigate the extent of the 
deposits, is given.—B. G. B. 

Iron Ores. (Bol. Min. Indust., 1953, 32, June, 313-316; 
July, 351-359). [In Spanish]. The article surveys the 
principles of the economics of iron ore exploitation, world 
resources, the main types of ore, and methods of classifica- 
tion. Data are given on Vizcayan ores.—R. S. 


ORES—MINING AND TREATMENT 


Taconite Fragmentation. V. C. Davis. (U.S. Bur. Mines 
Rep. Invest. 4918, June, 1953). A report on the study of 
problems related to drilling techniques and patterns, types 
and methods of use of explosives and other factors relative 
to effecting maximum fragmentation of taconite with 
minimum cost, is presented. The report is primarily concerned 
with the study of the application of shaped charges in drill 
holes, the effectiveness of shaped charges as compared with 
capped charges in secondary blasting, and the merits of 
different drilling patterns and methods of detonation.—s. G. B. 

The Performance of Jaw Crushers. K. Gauldie. (Engineering, 
1953, 176, Oct. 9, 456-458; Oct. 16, 485-486). The author 
discusses the design and operation of jaw crushers. Principal 
dimensions, angles of bite and speed of operation are given 
together with theoretical data which provide the essentials 
for computing dimensions from first principles.—m. D. J. B. 

Crushing of Materials. N. Waganoff. (Zecn. Indust., 1953, 
81, Sept., 993-999). [In Spanish]. The author explains and 
describes the various types of machine used for crushing and 
grinding. A table clarifies the principles and types of action 
of these machines.—R. s. 

Fundamentals of Mill Design. H. L. McNeill. (Min. Eng., 
1953, 5, Sept., 870-871). Factors in designing ore treatment 
plants are ore handling, selection of machinery, reduction of 
labour costs by job planning, and design of buildings and 
electrical installations. Many practical considerations are 
introduced. 
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Ore Testing to Determine Flowsheet Prior to Plant Design. 
B. Irwin, V. L. Mattson, G. Meyer, and S. P. Warren. (Min. 
Eng., 1953, 5, Sept., 868-869). An outline is given of the 
steps which lead to the establishment of the final plant 
flowsheet: these include literature searches, ore analyses, 
mineral dressing programme, choice of operating conditions, 
and pilot plant work.—kx. E. J. 

Factors Affecting Ore Separations in a 4-in. D.$.M. Cyclone 
Separator. E. C. Herkenkoff. (Eng. Min. J., 1953, 154, Aug., 
88-91; Sept., 95-99, 206). Information is presented on medium 
and ore flows when — }-in. low-grade iron ores are treated 
in cyclones with magnetic media. Batch tests were made in 
a 4 in. dia. cyclone, on which several machine dimensions 
could be varied. Results are given concerning the effects 
of auxiliary cylindrical section on medium flow, back pressure 
on overflow discharge, and specific gravity of the medium. 
The procedure adopted for making standard ore separation 
tests is described, and results are quoted from specific tests 
for variations in machine dimensions, effects of ore/medium 
feed ratios, use of a magnetized —, effects of specific 
gravity of the medium, and size.—k. E. 

The Application of Centrifugal Forces to Gravitational Classi- 
fiers. R. C. Emmett and D. A. Dahlstrom. (Min. Eng., 1953, 
5, Oct., 1015-1021). Details are given of a proposed new 
system based on an open-top cyclone of large diameter, in 
which a free vortex is created by a tangential feed entry. 
This should provide enhanced self-regulation, enlarge capacity 
per unit area, and increase sharpness of classification without 
power increases.—kK. E. J. 

The Value of Ore-Bedding Systems. W. L. Howes. (Min. 
Eng., 1953, 5, Sept., 872-873). Applications of various types 
of system are discussed. Ore bedding provides surge capacity, 
smooths out flow and segregation at all stages of ore treat- 
ment, and ensures a steady, uniform feed to the concentrator. 
Greatest benefit is found in fine ore storage ahead of the 
concentrators. One instance quoted resulted in a 19% pro- 
duction increase at small capital cost.—x. E. J. 

Pellet Sintering in Sweden: Sandviken Company’s Plant at 
Bodas. (Jron Coal Trades Rev., 1953, 167, Nov. 27, 1239- 
1240). A brief description is given of the pellet sintering plant 
at the Bodas iron-ore mine in Central Sweden. The plant 
now produces 100 tons of pellet sinter per day for the sponge- 
iron process.—G. F. 

Laboratory Procedures for Determining Pelletizing Charac- 
teristics of Iron Ore Concentrates. T. E. Ban and L. J. Erck. 
(Min. Eng., 1953, 5, Aug., 803-811). The design and operation 
of laboratory apparatus for pelletizing iron ore by simulation 
of shaft furnace firing conditions are described. Strength/ 
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temperature relationships were determined for five types of 
concentrates representing various regions where beneficiation 
and agglomeration are planned. The effects of various 
chemical additives and methods of concentrate preparation 
were investigated. Crushing, abrasion, and impact resistances 
are quoted for all pelletized products. (12 references).—k. E. J. 


A Research on the Sintering Mechanism and Microstructure 
of Sintered Products of Iron Oxide and Silica. Y. Fujii and 
Y. Kuranuki. (Zech. Rep. Osaka Univ., 1953, 3, Mar., 131- 
139). [In English]. Thermal analyses and microstructure 
examinations are reported from sintering tests on various 
mixes of SiO,, FeO, Fe,O, and carbon. Sintering commenced 
at 1125°C., the ferrous-oxide/fayalite eutectic point, and 
was completed below 1200°C. The m.p. of fayalite (2FeO. 
SiO,) is 1165° C. Constituents of the sinter were metallic 
iron, FeO, Fe,O,, fayalite, and eutectic. Their identification 
is described.—k«. E. J. 

A Contribution to the Study of the Chemical Constitution 
and Physical and Chemical Properties of Iron Ore Sinters. 
J. M. Bermudez de Castro and J. A. Boned Sopena. (Inst. 
Hierro Acero, 1953, 6, July-Sept., 230-235). [In Spanish]. By 
means of X-ray diffraction methods applied to powdered 
samples of iron ore sinter the FeO, Fe,0,, and Fe,O, types 
were determined qualitatively.—n. s. 

Concentration of Klukwan, Alaska, Magnetite Ore. R. R. 
Wells and R. L. Thorne. (U.S. Bur. Mines Rep. Invest. 4984, 
June, 1953). The results of laboratory tests carried out on 
six samples of this ore are given. Iron is present in the ore 
as a fine-grained magnetite associated with a pyroxenite type 
basic rock. Satisfactory magnetic separation procedures were 
developed for the production of concentrates assaying more 
than 60% iron and 2-4% TiO,.—. a. B. 

The Future of Birmingham Red Iron Ore, Jefferson County, 
Ala. Part I—History and Ore Reserves. J. R. Thoenen and 
A. H. Reed, jun. Part II—Concentration. B. H. Clemmons. 
(U.S. Bur. Mines Rep. Invest. 4988, July, 1953). A compre- 
hensive study of the iron ore reserves of the Birmingham 
district in Alabama has been made to determine what tonnage 
and grades of minerals are present. Factors which make the 
reserves amenable to mining and possible advances in bene- 
ficiation methods are discussed.—B. G. B. 

Ore-Dressing Tests of Aroostook County, Maine, Manganese 
Ores. F. D. Lamb, W. E. Warnke, and D. A. Woodard. 
(U.S. Bur. Mines Rep. Invest. 4951, Feb., 1953). Four samples 
of manganese-bearing materials have been tested to determine 
their amenability to beneficiation by ore-dressing methods. 
None of the tests produced appreciably enriched concen- 
trates. Efficient concentration of the ores by physical means 
was prevented by the association of the manganese with iron 
and silicious materials.—B. G. B. 

Concentration Tests of Manganese Ores. A. L. Engel. (U.S. 
Bur. Mines Rep. Invest. 4985, June, 1953). The results 
obtained from preliminary concentration tests on seven 
manganese ore samples are given. The methods of treatment 
used include gravity concentration, flotation, and magnetic 
separation.—B. G. B. 


FUEL—PREPARATION, PROPERTIES, AND USES 


Combustion. B. Lewis and G. von Elbe. (Indust. Eng. 
Chem., 1953, 45, Sept., 1921-1935). A review is given of work 
between 1950 and 1952. Steady progress in fundamental 
research concerns the chemical kinetics of combustion reac- 
tions, ignition, propagation, stabilization, and quenching of 
combustion waves; the effect of turbulence on combustion 
waves; and mixing and combustion of fuel jets. (613 
references).—k. E. J. 


Estimation of the Combustibility of Coal and Peat by the 
Godbert Inflammability Apparatus. R. Lambie. (J. Inst. Fuel, 
1953, 26, Nov., 250-254). 

Progress Review No. 26: Heat Transfer. (J. Inst. Fuel, 
1953, 26, Oct., 178-188, 225). A review is made, by the staff 
of the Heat Division, Mechanical Engineering Research 
Laboratory (D.S.I.R.), of the literature published, in the 
years 1948-1950, concerning: (1) Conduction, (2) forced 
convection, (3) radiation, and (4) heat exchangers. (200 
references).—D. L. ©. P. 

Reactivity of Solid Fuels—Influence of Oxygen Partial 
Pressure. H. L. Weisz and A. A. Orning. (Fuel, 1953, 82, 
Oct., 435-440). The effect of oxygen partial pressure, in the 
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range 0-2-1-0 atm., upon self-heating rates was determined 
for seven coals and eight cokes.—B. G. B. 

Differential Thermal Analysis of Coal. J. B. Stott and O. J. 
Baker. (Fuel, 1953, 32, Oct., 415-427). The method of 
differential thermal analysis has been used to investigate 
the thermal reaction of coal in oxidizing atmospheres. Useful 
information concerning the behaviour of coal on heating in 
air has been found. Results obtained using New Zealand 
coals are described and some are employed in calculations 
relating to spontaneous heating.—B. G. B. 

Froth-Flotation Reagents for Coal: Distillation Fractions of 
Commercial Oils and Some Simple Phenolic Compounds. P. F. 
Whelan. (J. Appl. Chem., 1953, 3, July, 289-301). Three 
commercial oils commonly used for the froth flotation of fine 
coal were fractionally distilled in a high-efficiency laboratory 
column. When the individual fractions were tested for 
flotative power on Gresford and Bedlington fine coals, little 
variation was found, except that components boiling at 
temperature below 180° or above 280° C. had less power than 
those in the middle range. Some 20 simple substituted 
monohydric phenols of known constitution were subjected to 
a similar evaluation. They fell into four groups of very 
different flotative power. Many physical properties of the 
fractions and of the phenols were measured.—J. R. P. 

Fine Coal Drying. G. A. Vissac. (Min. Eng., 1953, 5, Oct., 
1004-1011). Details are given of plants for dewatering 
— }-in. coal operating on fluidized or entrained principles. 
Calculations are presented for cyclone dust collectors, and 
economic factors influencing the whole drying sequence are 
discussed. (12 references).—k. E. J. 

A New Dense-Medium Recovery and Cleaning System. A. G. 
Smith. (Midland Counties Inst. Eng.: Colliery Guardian, 
1953, 187, Sept. 3, 287-291). A description is given of the 
Tromp dense-medium washer at Williamthorpe Colliery both 
before and after its conversion to the “ Simcar”’ system in 
which the settling rate of the medium is accelerated by 
magnetization. The new system gives a considerable reduction 
in the overall medium consumption per ton of raw coal, and, 
by increasing the bath stability, has led to a higher output of 
saleable coal. Costs are given for both the old and new 
systems.—B. C. W. 

Developments in Cleaning Fine Coals: Mobile Plant Described. 
D. H. Gregory and P. F. Whelan. (South Staffordshire and 
Warwickshire Inst. Min. Eng.: Iron Coal Trades Rev., 1953, 
167, Oct. 16, 893-895). The authors describe a prototype 
transportable froth-flotation unit, designed for use at existing 
washeries or for the recovery of fine-coal dumps where the 
provision of a permanent unit cannot be justified econo- 
mically.—e. F. 

A New Approach to the Theory and Operation of Electro- 
static Precipitators for Use on Pulverized-Fuel-Fired Boilers. 
N. Troost. (Inst. Elect. Eng., 1953, Proof s1538). Experience 
gained and the results of experiments performed while 
endeavouring to obtain satisfactory performance from electro- 
static precipitator plant are reported. The factors deter- 
mining drift velocity in precipitators are discussed. Compre- 
hensive expressions are introduced for calculating the theo- 
retical performance of precipitators under conditions of 
non-uniform gas flow and with dust of mixed composition. 


Some Relations of Rank and Rate of Heating to Carboniza- 
tion Properties of Coal. J. A. Dulhunty and B. L. Harrison. 
(Fuel, 1953, 32, Oct., 441-450). As a result of carbonizing 
a series of coals varying widely in rank, at different rates of 
temperature increase, evidence was obtained bearing on 
fundamental factors underlying the physical behaviour of 
coal during thermal decomposition with particular reference 
to volume change, development of plasticity and coherency, 
and formation of ultra-fine structure in relation to rank 
variation and conditions of carbonization.—B. G. B. 

Controlled Cooling of a Koppers-Becker Battery. J. D. 
Price. (Coke Gas, 1953, 15, Sept., 307-314, 320). A detailed 
account is given of the method adopted by the Colorado Fuel 
and Iron Corp., Pueblo, Calif., for cooling down a battery of 
coke-ovens. The condition of the oven brickwork after cooling 
is described and illustrated, and it is concluded that although 
the ultimate life of the oven had been shortened the cooling 
operation was successful.—Bs. c. w. 

Ferrocoke. G. Cellan-Jones. (Coke Gas, 1953, 15, Sept., 
315-320). Ferrocoke is prepared by carbonizing a mixture of 
coal and iron ore. It enables less mature high-volatile coking 
coals otherwise regarded as unsuitable for the production of 
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ABSTRACTS 


blast-furnace coke to be utilized. Details are presented of 
experiments in the production of ferrocoke carried out both 
on a small scale and also in a coking oven. The mechanical 
strength of ferrocoke is satisfactory although its sulphur 
content is higher than normal coke from the same coal. The 
advantages of the ferrocoke process are discussed.—B. C. W. 


Benzole Refining and the Future. G. Claxton. (Yearbook 
Coke Oven Man. Assoc., 1953, 367-377). 

Medical Aspects of the Coke Oven Industry. J. Rogan. 
(Yearbook Coke Oven Man. Assoc., 1953, 402-413). 

Studies in Coke Formation and Properties. P. L. Agrawal, 
F. Fitzgerald, and R. J. Sarjant. (Fuel, 1953, 32, Oct., 397— 
414). The specific surface of brights and durains of a number 
of coals of varying rank have been determined by a gas 
adsorption method. The results are plotted against percentage 
carbon, hydrogen, oxygen, volatile matter, moisture, fixed 
carbon, and the British Standard swelling number. Some 
selected brights and one durain were carbonized and 16 
specific surfaces determined at different stages. Further work 
has been carried out on the reactivity of coke.—B. G. B. 

Kinetics of Coal Gasification. HH. R. Batchelder, R. M. 
Busche, and W. P. Armstrong. (Indust. Eng. Chem., 1953, 
45, Sept., 1856-1878). A literature survey is given, and a 
mechanism of gasification is proposed, from which reaction 
and heat transfer rate equations are developed. General 
equations for diffusion and changes in gas composition follow. 
Simultaneous equations are then set up to solve for steam, 
hydrogen, oxygen, CO, CO,, carbon, particle temperature, and 
gas temperature. The calculations show reasonable agreement 
with the results from a coal-gasification unit. (221 references). 

Producer Gas. G. O. Bass and G. Milner. (Gas World, 
Coking Section, 1953, 48, Sept. 5, 43-54). A comprehensive 
review is made of the production of producer gas for use in 
coke ovens. The authors trace the historical development of 
the process and discuss the factors influencing gas-producer 
operation and the fuels used. The various types of producer 
are fully described and illustrated, and the economics of gas 
manufacture are considered.—B. Cc. w. 


TEMPERATURE MEASUREMENT AND CONTROL 


Radiation-Conduction Correction for Temperature Measure- 
ments in Hot Gases. W. E. West, jun., and J. W. Westwater. 
(Indust. Eng. Chem., 1953, 45, Oct., 2152-2156). A theoretical 
treatment is developed in order to calculate the errors in 
temperature probes subject to simultaneous convection, con- 
duction, and radiation heat transfer, and an equation is 
proposed. The method is simpler and more accurate than 
earlier ones. (20 references).—kK. E. J. 

Thermal Measurements in Metallurgical Plants. T. Kuratov. 
(Hutnik, 1953, 20, (10), 207-211). [In Polish]. Present 
methods of temperature measurement in the iron and steel 
industry are illustrated by examples of the instrumentation 
for a battery of gas producers and reheating furnaces.—v. G. 


Concerning Technical Measurements of Temperature with 
Contact Thermometers. H. Lindorf. (Draht, German ed., 1953, 
4, Sept., 348-351; Oct., 378-382). This is a survey of thermo- 
metry, comprising details of construction, performance, 
and application of the following types of thermometer: 
Mercury in glass, mercury in steel, vapour pressure, bimetallic, 
electric resistance, and thermoelectric.—J. G. w. 

A Method of Measuring the Temperature at the Surface of 
a Metal Tube. A. G. Monroe and H. A. 8S. Bristow. (J. Sci. 
Instruments, 1953, 80, Oct., 385). In order to determine 
accurately the temperature of a tube, acting as the dividing 
wall between two fluids exchanging heat, a helical groove 
was cut in the surface of the tube, and the wire of a platinum 
resistance thermometer inserted. By this means an average 
temperature over the tube surface was obtained, and much 
greater accuracy and reproducibility were shown compared 
with that obtained by a thermocouple.—t. D. H. 

Oil Fired Forge Furnaces—Temperature Control Aids Smoke 
Prevention. H. Southan. (Smokeless Air, 1953, 24, Winter 
Issue, 94-97). A description is given of a fuel control system 
operating on a small forging furnace with inside measurements 
of 46 x 21 x 20 in. which consumes 3-34 gal./hr. for a 
throughput of just under 200 lb./hr. The installation has 
contributed to smoke abatement and a fuel saving of approx. 
2 gal. oil/hr. has been noted.—R. A. R. 
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REFRACTORY MATERIALS 


The Rehydration of Fired Clay and Associated Minerals. 
R. D. Hill. (Trans. Brit. Ceram. Soc. 1953, 52, Nov., 589-613). 
Experiments on the possible extent of rehydration of fired 
clay-minerals, as a function of their firing temperature, are 
described. It is concluded that the correlation is not suitable 
to be used as a general measure of underfiring of a clay body. 
The likelihood and implications of natural rehydration of fired 
clay in use is considered.—D. L. C. P. 

The Lining of Hot Metal Mixers. ©. Bruchhausen. (Stahl 
u. Eisen, 1953, 78, Nov. 5, 1453-1457). The linings of hot 
metal mixers now used in Germany and their performance 
are surveyed. The influences of design, type of lining, brick 
shape, and method of laying on the life of the mixers is 
examined. Safety linings of firebrick are shown to be un- 
satisfactory but carbon blocks for this purpose have many 
advantages. Mechanical wear by hot metal flowing into and 
out of the mixer are dealt with. The harmful attack of silica 
in the slag may be reduced by the controlled addition of lime. 
Special attention should be given to the preparation of 
monolithic linings. Because of the difficulty of making 
uniform magnesite bricks, grinding to size cannot be avoided. 





Erratum 

In the abstract ‘‘ An Automatic Apparatus for Testing | 
Refractories Under Tensile and Compressive Loads at | 
High Temperatures ” (see Journal, 1952, 172, Oct., 233) | 
the authors’ names were omitted. These were J. A. | 
Scarlett and J. A. Robertson. | 








It can be stated that, for mixers of 400-1400 tons, a working 
lining of magnesite 13} in. thick is necessary, with up to 
16} in. in some places. Too thick a safety lining leads to 
unnecessary consumption of refractory but too thin a layer 
causes the temperature of the insulation to be high. The 
firebrick backing should be at least 5 in. thick in order to 
keep the temperature of the insulating material within per- 
missible limits and permit the use of conventional products. 

Lining an 800-Ton Hot Metal Mixer with Dolomite Bricks. 
K. Mayer, F. Gareis, 8. Kienow, H. Kniippel, and G. Trémel. 
(Stahl u. Eisen, 1953, 78, Nov. 5, 1457-1462). Trials have 
been carried out with dolomite bricks for the lining of 
a large hot metal mixer. The resistance of the bricks to 
slag attack was less than that of magnesite bricks of normal 
mixer quality. When out of use or during repair, there is a 
danger of the hydration of the bricks at places where the 
glaze is damaged. However, these disadvantages as compared 
with magnesite are compensated by equal resistance to 
mechanical stresses, more uniform wear, and lower price. In 
addition, the dolomite lining requires a shorter heating up 
period and has the advantage of a quicker delivery. It is 
expected that by adjusting the quality of dolomite bricks to 
mixer operation, and by modifying the composition of the 
slag and the atmosphere in the mixer, it will be possible to 
improve on the results of this first trial.—s. p. 

Lining an 800-Ton Mixer with Chemically Bonded Magnesite 
Bricks. K. Mayer and H. Kniippel. (Stahl u. Eisen, 1953, 
73, Nov. 5, 1463-1464). The life of the lining made from 
Vietsch chemically bonded magnesite bricks, laid dry, was 
65% longer than the average for fired magnesite bricks. The 
applicability of chemically bonded bricks for mixer linings 
is thus proved.—4J. P. 

Thermal Shock Tests on Refractories. S. Hedén (Tekn. 
Tidskr., 1953, 83, Nov. 17, 887-889). [In Swedish]. A descrip- 
tion of American (A.S.T.M.) spalling tests on refractory 
materials includes details of test equipment and procedure. 
The test method laid down by German standards is outlined. 
Weight losses of 14 Swedish refractories after heating are 
tabulated.—c. a. kK. 

Trends in the Criteria for Selection and in the Technology 
of Refractory Materials. F. De Carli. (Metal. Mat., 1953, 45, 
Sept., 317-322). The author explains why refractories meeting 
the requirements of steelmaking are not suitable for the 
preparation of special metals, very pure metals, and those 
with very high melting points such as titanium, zirconium, 
vanadium, and tantalum. He indicates a range of possible 
refractory compositions which might be suitable for the 
preparation of these special metals. Reference is made to the 
new techniques of high temperature resisting enamels. 
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Refractory Policy and Control. G. R. Bashforth. (Brit. 
Steelmaker, 1953, 19, Oct., 586-594). The author discusses 
the importance of refractories in steel production and empha- 
sizes the need to select and use them to the best advantage. 
Progress made during the last 30 years in silica, basic, and 
fireclay refractories is then reviewed, and possible future 
developments are outlined.—c. F. 

Trends in Blast-Furnace Linings: American and British 
Experiences Compared. H. M. Kraner. (Amer. Iron Steel 
Eng. Conf.: Iron Coal Trades Rev., 1953, 167, Oct. 16, 905- 
906). After a brief outline of the earlier refractories used in 
blast-furnaces, the author discusses present-day trends in 
blast-furnace linings and compares British and American 
experiences. Hearth refractories, and bosh and stack refrac- 
tories, are considered separately, and particular attention is 
given to the use of carbon blocks.—a. F. 


BLAST-FURNACE PRACTICE 
AND PRODUCTION OF PIG IRON 


The Use of Iron Coke in the Low-Shaft Furnace. F. Jaeger. 
(Stahl u. Eisen, 1953, 78, Nov. 5, 1526-1529). The suitability 
of iron coke (a product made by treating gas coal and iron 
ore in the coke-oven) as a fuel for the smelting of iron ore 
has been investigated in the low-shaft furnace plant at 
Duisburg-Hamborn. The design of the plant, the nature of 
the burdens employed, and the yields obtained are described. 
The iron produced was of good quality, low in sulphur, high 
in silicon, and the slag was low in manganese. The iron 
refined without difficulty in an open-hearth furnace. Iron 
coke thus offers advantages where metallurgical coke is not 
readily available.—3s. P. 

Control System for Motor-Driven Blast-Furnace Turbo- 
Blowers. (Engineer, 1953, 196, Nov. 6, 590-591). Controlling 
Blast Furnace Air Supplies. (Elect. Times, 1953, 124, Nov. 12, 
903-904). Control of Blast-Furnace Blowers. (Engineering, 
1953, 176, Dec. 11, 761-762). Control of Electrically Driven 
Blast-Furnace Blowers. (Jron Coal Trades Rev., 1953, 167, 
Nov. 18, 1129-1132). A description is given of a variable 
speed D.C. drive for blast-furnace turbo-blowers which uses 
grid-controlled mercury-are rectifiers and a standard form 
of pneumatic regulator to control the motor speed and there- 
fore the quantity of air delivered. This equipment has been 
in operation for some months at the Rotherham Works of 
the Parkgate Iron and Steel Co., Ltd.—nr. a. R. 


Calculation of Thermodynamic Values in Metallurgical 
Processes (Reactions in Liquid Iron). A. Krupkowski. (Bull. 
Academie Polonaise Sciences, 1953, I, (1-2), 57-59). [In 
English]. On the basis of thermodynamic data for under- 
cooled substances, the free energy changes for the following 
processes: Fe, = Fejjqg, FeOgo) = FeOhiq, Feyq + 40.=— 
FeOjiqg and Fejiq + H,O = FeOyiq + H,, were calculated in 
the temperature range 1800-2000° K. Calculated activity 
coefficients, partial heats of solution of the Fe-FeS system 
at 1800° K. are also given.—v. a. 

Kinetics of Low-Temperature Reduction of Iron Ores—The 
Reduction of Chemically Pure Iron Oxide with Hydrogen. 
S. T. Rostovtsev and A. P. Em. (Doklady Akademii Nauk 
S.S.S.R., 1953, 98, (1), 1381-134). [In Russian]. The reduction 
of pure iron oxide (pressed into discs) with hydrogen in the 
temperature range 275-400° C. was investigated. The degree 
of deoxidation was evaluated every minute. The reduction 
curves (rate of deoxidation against velocity of reduction) 
were of identical shape with two minima for all temperatures 
investigated, and they indicate that reduction proceeds in the 
three stages Fe,O, — Fe,0, > FeO — Fe. The first minimum 
was obtained between 11 and 12% of deoxidation correspond- 
ing to the end of the first transformation Fe,0, — Fe,O,. 
The second minimum coincided with 33-35% of deoxidation, 
indicating the end of the second phase in the reduction 
Fe,0,— FeO and the beginning of the third (FeO > Fe): 
These conclusions were confirmed by X-ray examination of 
the appropriately deoxidized samples. From the kinetic data 
the activation energies (#2) for the three stages were calculated 
to be: (1) Fe,O,; + H,, # = 17700 cal., (2) Fe,0O, + H,, 
E = 15450 cal., (3) FeO + H,, H = 14200 cal. The inde- 
pendence of the activation energies from the degree of 
deoxidation within any reduced phase of reduction is an 
additional proof that the values obtained are of the correct 
order.—vV. G. 
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Effect of Pressure on the Reduction Process of Metal Oxides 
by Carbon. E. Iwanciw. (Bull. Academie Polonaise Science, 
1953, 1, (1-2), 60-64). [In English]. The mechanism of 
reduction of metallic oxides by carbon is discussed. The 
influence of CO + CO, pressure on the reduction rates of 
nickel monoxide and magnetite were investigated. It is con. 
cluded that the term ‘direct reduction’ applied to the 
interaction of carbon and solid oxide has no physicochemical 
significance.—v. G. 


TREATMENT AND USE OF SLAGS 


Blast-Furnace Slag Cement Plant at Cluanie Dam. (Engin- 
eering, 1953, 176, Oct. 30, 557). A brief description is given 
of a blast-furnace-slag cement plant which will form part of 
the North of Scotland Hydro-Electric Board’s scheme for 
exploiting the waters of the river Moriston. The plant will 
effect a saving of some 20,000 tons of ordinary Portland 
cement. The slag cement will be made by the Trief process 
which consists of grinding blast-furnace slag into a slurry 
which is passed directly into the concrete mixers.—M. D. J. B. 


DIRECT PROCESSES 


The Production of Sponge Iron by Means of the Wiberg- 
Sdderfors Process. B. Ido. (Tetsu to Hagane, 1953, 39, Jan., 
62-69). [In Japanese]. A description is given of the develop- 
ment of the process, and of the plant at Séderfors. Reducing 
agents, requirements of the ore, and economic efficiency are 
described. Uses of sponge iron and future developments are 
discussed.—k. E. J. 


PRODUCTION OF STEEL 


‘“ Paz De Rio ”’—The New Steel Industry in Columbia. K. 
Schlesinger. (Blast Furn. Steel Plant, 1953, 41, Nov., 1295- 
1297, 1311). A brief account of a new integrated steel plant 
at Belencito, Columbia, is given. Three basic-Bessemer con- 
verters and one electric furnace are being installed together 
with rolling mills to manufacture a variety of products. 

A Plan for Steel Production in Italy. (Bol. Min. Indust., 
1953, 82, July, 350). [In Spanish]. This is a brief note on 
the new Cornigliano works which will produce 700,000 tons 
per year.—k. s. 

The Future of Steel Melting. M. W. Thring. (J. Iron Steel 
Inst., 1954, 176, Apr., 424-432). [This issue]. 

The Cupola As an Auxiliary to the Open-Hearth Furnace in 
Small and Medium Sized Steelworks. J. Petit Robert. (Inst. 
Hierro Acero, 1953, 6, July—Sept., 210-214). [In Spanish]. 
A duplex cupola/open-hearth furnace process is compared 
with the hot metal process. The duplex process involves 
melting scrap in a hot-blast cupola before charging it into the 
open-hearth furnace. Some trials connected with this 
method and its economics are discussed.—Rr. s. 

Oxygen Steelmaking Yields High-Quality Product. H. 
Malzacher and R. Walzel. (Iron Age, 1953, 172, Sept. 24, 
127-130). This process, developed at Linz (Austria), employs 
a high velocity jet of 98% oxygen directed at the surface of 
the bath in a solid bottomed converter. A steel low in nitrogen 
and with physical properties comparable with open-hearth 
steel is produced in a tap-to-tap time of about 1 hr. Cool 
charges can be readily absorbed and about 20° of scrap 
may be used in the charge. A similar Canadian plant is soon 
to be in production.—a. M. F. 

Improving the Quality of Basic-Bessemer Steel at the 
Domnarvet Iron and Steel Works. B. Kalling. (Stahl u. Eisen, 
1953, 78, Nov. 5, 1446-1452). The sulphur content of blast- 
furnace metal has been reduced to very low values by treat- 
ment with powdered lime in a rotating furnace. The cost 
of desulphurizing is offset by the reduction in operating costs 
of the blast-furnace when making high-sulphur iron. The 
use of oxygen—CO, mixtures during the after-blow in the 
basic converter enable low phosphorus to be obtained without 
producing a high nitrogen content. The author describes the 
use of oxygen in covered ladles for the production of slags 
high in vanadium. Results on refining in a rotating furnace 
into which oxygen is passed at low pressure are described. 
Carbon and phosphorus can be effectively removed without 
high slagging of iron and the fume usually associated with 
oxygen refining can be avoided. The low susceptibility to 
brittle fracture can be obtained when the carbon content of 
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steel is below 0-015%, the necessary hardness being produced 
by phosphorus contents up to at least 0:15%. Higher 
nitrogen contents can also be tolerated in such steels as com- 
pared with normal steels and yet they possess the same 
transition temperatures.—J. P. 

Steelmaking Processes Related to Blast-Furnace Practice. 
J. Mitchell. (Cleveland Sci. Techn. Inst., Harold Wright 
Lecture: Iron Coal Trades Rev., 1953, 167, Nov. 20, 1173- 
1177: Engineer, 1953, 196, Nov. 20, 655-658: Engineering, 
1953, 176, Nov. 27, 701-702). The author briefly reviews 
blast-furnace and steelmaking practices and discusses the 
influence which each has on the other. The relative costs 
of Bessemer and open-hearth steelmaking are compared, and 
the objects and techniques of pre-refining of pig-iron are 
considered.—G. F. 

Electric Furnaces. F. Knoops. (Zechnik, 1953, 8, Oct., 
657-664; Nov., 734-738). Different systems of electric heating 
are listed and described in turn. Particulars are given of 
compositions of resistances windings, their temperature ranges, 
electric loading per unit surface area, and resistivity. Details 
of design of all kinds of small and large electric furnaces are 
given. It is shown that if a graphite electrode receives extra 
air from leaks the rate of burning increases very rapidly. 

Large Arc Furnace v. Basic Open-Hearth Furnace: Com- 
parisons of Economics Under British Conditions. A. G. 
Robiette. (Iron Coal Trades Rev., 1953, 167, Nov. 27, 1231- 
1236). The author compares the economics and technical 
practices of large arc furnaces and basic open-hearth furnaces 
producing low-alloy steels, and discusses charging, melting 
rate and output, capital and installation costs, furnace yield, 
power consumption, refractories, and labour costs. A recent 
American survey comparing electric and open-hearth furnaces 
is also discussed.—G. F. 

The Coreless Induction Furnace. W. Scheibe. (Metall, 
1953, 7, Sept., 698-700). The theory of induction melting 
furnaces is simply explained and some designs are indicated. 
Coreless Induction Furnace Plant of 12 Tons Capacity at 
the Kilsta Steelworks (Sweden). T. Hahn. (Stahl u. Hisen 
1953, 78, Dec. 3, 1658-1659). Good results have been obtained 
in the first two years operations with two 12-ton tilting core- 
less induction furnaces at Kilsta works of AB. Bofors. The 
furnaces are 51 in. in inside dia. Linings last for about 50 
heats. The 600 cycle/sec. current is produced by a converter 
comprising a 5000-h.p., 1000 r.p.m., 8000-V. synchronous 
motor which drives two single-phase 1700-kW. 2100-V. 
generators in parallel. The time from finish charging to 
tapping a 12-ton heat is 34-4 hr. during which 8500 kWH. 
are consumed.—R. A. R. 

Model Experiments on Combustion Problems in the Open- 
Hearth Furnace. I. Ishibe, M. Nose, and H. Hashimoto. 
(Tetsu to Hagane, 1953, 39, May, 537-549). [In Japanese]. 
A critical review is made of work (mainly British) using 
furnace models. This technique is highly effective and its 
use is expected to grow.—k. E. J. 

Steelmaking Reactions: Sulphur, Phosphorus and Carbon. 
P. T. Carter. (Iron Steel, 1953, 26, June, 297-302; July, 
339-346; Aug., 387-392; Sept., 427-433). In this review the 
author first deals with work which has contributed to present 
knowledge of liquid slag constitution. He then deals with 
sulphur removal, discussing the slag—metal reactions and the 
effects of slag constitution and temperature. Gas reactions 
with the solid charge, liquid iron, and liquid slag are also 
considered. Laboratory experiments on the phosphorus 
reaction and the application of the ionic theory of slags are 
then discussed, and the data are compared with works data. 
The importance of slag composition on dephosphorization is 
considered, and factors affecting reversion of phosphorus are 
also dealt with. Next the oxidation and removal of carbon 
are considered, the carbon—oxygen equilibrium in liquid iron 
and the mechanism of the carbon-oxygen reaction being 
discussed. Factors affecting the rate of carbon removal are 
dealt with, and attention is also given to the use of oxygen 
and to foaming slags.—«. F. 

Study on Desulphurization in Steelmaking Process. Y. 
Nakagawa, (T'etsu to Hagane, 1953, 389, May, 487-493). [In 
Japanese]. Controlling reactions were determined for de- 
sulphurization in the reducing stage of the electric furnace 
low FeO in slag) and in the basic open-hearth furnace 
high FeO slag). Desulphurization rates increased with 
increase of carbon in the molten steel, and by vigorous boiling 
to assist diffusion, respectively. The application of pH 
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measurements on the extraction of liquid from slag is 
described.—k. E. J. 

The Free Energy of Formation of Manganous Orthophos- 
phate. J. Pearson, E. T. Turkdogan, and E. M. Fenn. (J. 
Iron Steel Inst., 1954, 176, Apr., 441-444). [This issue]. 

A Study of the System Tricalcium-Silicate/Tricalcium- 
Phosphate. N. A. Toporov, A. I. Borisenko, and P. V. 
Shirokova. (Doklady Akademii Nauk S.S.S.R., 1953, 92, (5), 
1015-1018). [In Russian]. The formation of various phases 
during isothermal heating (at 1450°C.) of the system tri- 
calcium-silicate/tricalcium-phosphate was studied. The com- 
position of mixtures was varied from 100 to 20 mol-% of 
tricalcium silicate and 0-80 mol-°%, of tricalcium phosphate. 
The formation of new phases was followed with the microscope 
and free lime was determined using the glycerate method. 
The decomposition of tricalcium silicate was observed in the 
concentrations of tricalcium phosphate studied. This takes 
place in a complicated manner and is accompanied by the 
formation of solid solutions of silico-phosphates with di- 
calcium silicate and lime. The most extensive decomposition 
of tricalcium silicate takes place when the concentration of 
tricalcium phosphate is 20 mol-°/.—v. a. 

Analysis of Molten-Zone Refining. N. W. Lord. (Trans. 
Amer. Inst. Min. Met. Eng., 1953, 197: J. Met., 1953, 5, 
Nov., 1531-1533). The author considers the process of 
molten-zone refining for the case of a number of zone passages 
in a long ingot, and derives formule enabling the segregation 
effect to be predicted. The expression is presented in terms 
of the number of zone passages and a segregation constant, 
and is exact and susceptible to ordinary numerical computa- 
tion procedures. A comparison with Hamming’s approximate 
procedure is given.—«. F. 

The Casting of Large Ingots of Special Alloy Steels in Great 
Britain. F. Dufour. (Usine Nouvelle, 1953, 9, June 25, 29- 
32; July 2, 58-60). The special technique and equipment 
needed for casting ingots of 100 tons and over are discussed. 
Such ingots are cast in hexagonal hematite iron moulds 
(monolithic for ingots up to 230 tons) the various parts of 
which are described. The construction of casting ladles and 
the necessary organization of casting and stripping are also 
dealt with. Finally, defects which may arise are considered, 
including axial voids, transverse cracks, inclusions, and 
segregation.—aA. G. 

Effect of Gas Contents on the Blowhole Formation in Steel 
Ingots. Y. Shimokawa and T. Tanoue. (Zetsu to Hagane, 
1953, 39, May, 500-508). [In Japanese]. Studies were made 
on low-carbon steels of varying gas content melted in the 
induction furnace. The numbers and positions of blowholes 
were affected by the condition of deoxidation and the hydrogen 
and nitrogen contents. Results are reported for a range of 
conditions.—k. E. J. 

Study on Ingot Making Practice. III—The Change of Non- 
Metallic Inclusion in Acid and Basic Open-Hearth Furnace 
Steels in the Ladle. 8S. Mackawa, Y. Nakagawa, and M. Soga. 
(Tetsu to Hagane, 1953, 39, May, 493-500). [In Japanese]. 
Changes in sand and microscopic non-metallic inclusions were 
followed throughout the stages of ingot casting and pouring 
through the tundish.—k«. E. J. : 

Blowholes Occurred in the Fusion Zone between Molten 
Cast Iron and Solid Steel. T. Muraki. (Waseda Univ., Rep. 
Castings Res. Lab., 1953, June, 30-32). [In English]. When 
using chaplets, blowhole formation is not due to surface rust, 
but to the gases adsorbed by rust, among which water vapour 
is of major importance.—k. E. J. 


FOUNDRY PRACTICE 


Cast-Iron Gutter Manufacture. (Found. Trade J., 1953, 
95, Oct. 8, 457-459). The process recently developed and 
patented by Federated Foundries Ltd., Glasgow, for the 
production of cast-iron gutters is described. Molten metal 
is poured into a die and pressed to shape by the closing of 
a male die. The dies are electrically operated and auto- 
matically controlled. The process is more productive than 
the older sand-casting method, and the product is superior 
in quality and surface finish.—s. c. w. 

On High-Temperature Melting and Pouring of Grey Iron 
Castings. (I). I. litaka and K. Sekiguchi. (Waseda Univ., 
Rep. Castings Res. Lab., 1953, June, 1-3). [In English]. High 
temperature is taken to be > 1466°C. Hardness reaches a 
maximum at approx. 1500° C. pouring temperature. At high 
pouring temperatures, outer shrinkage is high, but interior 
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shrinkage is low, resulting in good performance in pressure 
tests and reduction in the percentage of defectives. Tem- 
perature effects are shown graphically.—x. E. J. 

Melting, Desulphurization, and Refining in the Cupola. F. 
Rodriguez-Yufera y Mufoz. (Anal. Mec. Elec., 1953, 30, 
Mar.—Apr., 68-78; May-June, 141-151). [Im Spanish]. The 
author reviews the work of many workers in the field of 
melting and refining in the cupola. Methods of desulphurizing 
are mentioned. The effect of factors such as coke size and 
quantity, volume and temperature of the blast, type of cupola 
lining, size of cupola, and fluxes is discussed.—k. s. 

The Cupola in the Foundry. D. Iturrioz. (Met. Elect., 1953, 
17, Sept., 40-46; Oct., 42-45). [In Spanish]. The author 
reviews modern developments in the cupola including working 
with double rows of tuyeres, portable tilting fore-hearths, 
and increased blast pressure using fans. A method of charging 
swarf direct into the cupola (see J. Iron Steel Inst., 1952, 171, 
Aug., 427) is described.—k. s. 

Drops Cupola Bottom Once a Week. E. Bremer. (Foundry, 
1953, 81, Sept., 124-125, 298, 300-301). By dropping the 
cupola bottom only once a week instead of each night the 
Zoller Casting Co., Bettsville, Ohio, ensures that the first 
iron out each day is as hot as the last; the cost of the coke 
consumed during the night is more than offset by the saving 
in time and labour. Refractory burn-out in the cupola has 
been reduced by installing water-cooled segments 4 ft. upwards 
from a point 20 in. above the bottom plate. Development work 
is proceeding on a small experimental cupola which has a 
conical bottom with tuyeres at an angle; this furnace taps 
iron and slag continuously and, with preheated blast, produces 
iron 100° F. hotter than a conventional cupola.—s. c. w. 

Cupola Spark and Dust Arresters. (Found. Trade J., 1953, 
95, Oct. 29, 539). A brief illustrated description is given 
of Roper-designed spark- and dust-arrester equipment fitted 
to cupolas at the Grahamstown Iron Co. Ltd., Falkirk. The 
equipment has the double purpose of saving in roof glass 
cleaning and reducing local atmospheric pollution.—s. c. w. 

Cast Iron for Enamelling. (Giesseret Praxis: Found. Trade 
J., 1953, 95, Oct. 1, 433-434). The requirements for the 
successful manufacture of enamelling grades of cast iron are 
briefly discussed, and it is reeommended that the iron should 
be ferritic with the composition C 3-4-3-8%, Si 2:6-3-1%, 
Mn 0-5%, P 0-8-0°9%, and S < 0-09%.—B. Cc. W. 

Effect of Stripping Time on the Structure of Chill-Cast Irons. 
G. J. Shaw and V. Kondic. (Found. Trade J., 1953, 95, Oct. 
15, 473-478). Results are presented to show that, if a chill- 
cast bar is removed from the mould immediately the outside 
has frozen and the solid rim is reheated to a temperature 
just below the eutectic, this will lead to the presence of more 
graphite than in a similar bar cooled in the mould. The 
results confirm earlier views that certain types of graphite 
in grey cast iron can form in the solid state.—B. c. w. 

Metal Melting under Vacuum. (Found. Trade J., 1953, 95, 
Sept. 17, 365-367). The problems of melting and casting 
under vacuum are briefly discussed and a description is given 
of the H.F. induction vacuum-melting furnaces made by 
Geraitebau-Anstalt, Balzers, Lichtenstein. The time-pressure 
record of a typical melt in a vacuum is given, and the melting 
process briefly described.—s. c. w. 

Spheroidal Graphite Cast Iron (Report II). Especially As 
to the Effects of the Addition of Metallic Calcium and Calcium 
Silicide on Gray Cast Iron. T. Kusakawa. (Waseda Univ., 
Rep. Castings Res. Lab., 1953, June, 20-22). [In English]. 
The relation of the amount of silicon in the iron and iron 
structure was studied with varying amounts of additives. 
The amount of calcium or Ca,Si iad be reduced if CaF, 
or CaCl, are used as fluxes.—k. E. 

Production of Spheroidal Graphite Cast Iron in a High- 
frequency Furnace. B. Jones and R. Jelley. (Found. Trade 
J., 1953, 95, Sept. 10, 313-319). Experiments have shown 
that it is possible to produce a high grade of spheroidal- 
graphite cast iron by the carburization of steel scrap in a 
high-frequency induction furnace followed by treatment with 
a magnesium-nickel alloy. Although the overall cost of the 
process is slightly higher than in cupola melting, there was a 
marked improvement in the strength and ductility of the 
metal which also showed a greater freedom from defects. 

A Theory of Globular Graphite Formation in Cast Iron. 
(Report II). I. litaka. (Waseda Univ., Rep. Castings Res. Lab., 
1953, June, 4-6). [In English]. Since the solubility of mag- 
nesium is less in solid than in molten iron, it will separate 
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on solidification of austenite. Magnesium vapour is absorbed 


by graphite particles. Their resistance to deformation is 
lowered, and globules are formed through surface tension 
effects. Experimental evidence to support this theory is put 
forward, and a mechanism of spheroid formation is advanced, 

Adding Magnesium for the Production of Nodular Iron 
without the Use of Crucibles. A. Bargiel. (Przeglad Odlew. 
nictwa, 1953, 3, (10), 301-302). [In Polish]. A method of 
alloying magnesium with ferrosilicon using the available heat 
of cupola slag for melting is described. Finely ground ferro. 
silicon and magnesium are placed in a steel tube 120-180 
mm. in dia, with 4-8 mm. wall thickness. The tube walls 
are coated with fireclay (2-3 mm. thick) to prevent adherence 
of the alloy. After closing the ends of the charged tube with 
moulding sand it is placed in the slag trench or ladle into 
which slag from a cupola is poured. After the slag has cooled, 
the tube is removed and the magnesium alloy is easily knocked 
out. Instead of tubes, a specially made iron vessel with a 
cover can be used. The method is successfully operated in 
several foundries with a saving of crucibles and fuel, and 
practically no loss of magnesium occurs during alloying.—v. «. 

Industrial Production of Castings from Nodular Iron. A. 
Jankowski. (Przeglad Odlewnictwa, 1953, 8, (10), 288-299). 
{In Polish]. A detailed description of the production of 
magnesium-ferrosilicon alloys in a crucible furnace and in 
hermetically sealed vessels is given. Methods of inoculation 
using the above alloys are discussed. The results of production 
heats in which inoculation was done with alloys containing 
10, 15, and 20% of magnesium are described. It is concluded 
that: (1) Inoculation is most conveniently done by placing 
a single charge of the inoculant on the bottom of a ladle 
on to siorge iron is poured; (2) the use of low magnesium 
alloy (10% Mg) is more economical; (3) as a raw material, 
hematite iron high in carbon and low in silicon should be 
used; and (4) preliminary desulphurization diminishes the 
consumption of magnesium alloy and lowers carbon losses 
during inoculation.—yv. a. 

Whiteheart Malleable Annealing. (Found. Trade J., 1953, 
95, Oct. 29, 537-538). A description is given of the electric 
elevator-type annealing furnace recently installed by H. and 
J. Hill (Willenhall) Ltd.—ns. c. w. 

Quantity Production of Malleable Castings. H. Hayden. 
(Found. Trade J., 1953, 95, Oct. 22, 499-504). The author 
discusses various “aspects of pattern making and moulding 
from the point of view of achieving rapid production. The 
importance of liaison between user and foundry in casting 
design is stressed.—B. C. W. 

Low-Cost Unit Reclaims Foundry Sand. D. Rosenblatt and 
B. Thompson. (Iron Age, 1953, 172, Sept. 24, 122-123). 
This plant, occupying a space only 14 ft. x 14 ft. and 2} 
storeys high, reclaims 150 tons of sand monthly. The system 
employs a wetting pan, agitators, a ‘ centriclone’ making a 
sand-slime separation, pan fitter, and drier.—a. M. F. 

Effect of Temperature on Foundry Clays. J. Graviche. 
(Fonderie, 1953, Apr., 3400-3402). An attempt was made to 
correlate the dehydration characteristics of two synthetic 
foundry sands (containing different clay minerals), with the 
compression strengths observed after heating specimens for 
an hour at various temperatures. The curves of maximum 
compression strength (7.e., at the optimum moisture content) 
against preheating temperature were almost identical in spite 
of the wide differences in dehydration behaviour shown by 
the two clays.—B. c. w. 

The Vitality of Clay in Moulding Sand. P. Nicolas. (Fonderie, 
1953, Apr., 3392-3400). The cohesion conferred on a moulding 
sand by its clay constituent varies with the moisture content 
of the sand and the maximum value of the compression 
strength is used as a measure of the ‘ vitality ’ of the clay. 
The effect of sieve grading and clay content on the maximum 
resistance to compression is examined for a number of French 
moulding sands. Curves are given to show the effect of re-use 
on the compression strength and moisture of a sand with 
and without additions of foundry blacking.—n. c. w. 

Binding Strength Measurement of Green Sand Moulds 
(Report I). J. Kashima. (Waseda Univ., Rep. Castings Res. 
Lab., 1953, June, 36-38). [In English]. Testing the effects 
of ramming on foundry moulds is better performed by a Dow 
needle penetrometer than by a hardness tester. The method 
is simple, direct, and accurate. Coarse grain sands, however, 
present difficulties.—k«. E. J. 
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ABSTRACTS 


Relation Between Melting Condition and Casting Defects in 
Iron Castings. (Report III). N. Kayama. (Waseda Univ., 
Rep. Castings Res. Lab., 1953, June, 10-11). [In English]. 
Defects in cast iron produced by melting in oxidizing atmo- 
spheres are related to the reaction SiO, + 2C =Si + 2CO. 
SiO, increases at lower temperatures, and shrinkage cavities 
are produced. Skin formation before melting down also 
stimulates oxidation at lower temperatures.—k. E. J. 


HEAT-TREATMENT 
AND HEAT-TREATMENT FURNACES 


How to Cure Protective-Atmosphere Troubles. A. G. Hotch- 
kiss and H. M. Webber. (Machinist, 1953, 97, July 11, 1115- 
1130). The authors consider: Tests for leaks in the furnace; 
gas sampling; atmosphere impurities, their effects on ferrous 
and non-ferrous metals; detecting impurities; controlling and 
testing for decarburization; effect of hydrogen on steel; effect 
of carbon monoxide on refractories, and on personnel; and 
effect of the atmosphere on the heating units and thermo- 
couples.—J. R. P. 

Internal Stresses in Some Types of Forging. ©. Sykes. (Iron 
Coal Trades Rev., 1953, 167, Nov. 20, 1183-1185). The author 
discusses heat-treatment cycles applied to certain types of 
forging with particular reference to the residual internal 
stresses imposed. The influence of the temperature and the 
cooling conditions under which the transformation is com- 
pleted is considered, and the important stress relaxation 
occurring during tempering is emphasized.—c. F. 

One Setup Heat-Treats Wide Variety of Work. S. W. 
Chantler and F. C. Schaefer. (Iron Age, 1953, 172, Sept. 24, 
131-134). A heat-treatment plant which can provide com- 
binations of heating, quenching, salt baths, degreasing, rinsing, 
and tempering is described. The installation, designed for 
small parts, is fully automatic and can handle 150-250 Ib./hr. 
Vibrating feeders, conveyors, and temperature controllers 
have been carefully planned into the system to give accurate 
control.—a. M. F. 

Flame Hardening and Tempering of Wire and Town Gas 
Interchangeability. A. R. Wilson. (Gas World, Coking Section, 
1953, 28, Sept. 19, 54, 56, 60). A report on an investigation 
to determine the effect of changes in the source of town gas 
on the process of flame-hardening and tempering, as applied 
to the plain carbon steel wire used in the textile industry is 
presented. The use of burner radiants was also studied: 
although they gave increased thermal efficiency they aggrav- 
ated the effects of changes in the gas supply.—s. c. w. 

Electric Furnaces for the Wire Industry. E. von Kannen. 
(Wire and Wire Products, 1953, 28, Sept., 887, 928). A 
furnace for hardening wire and furnaces for other wire treat- 
ments are described.—R. A. R. 

Induction Heating—for Better Blast Hole Drill Bits. J. H. 
Hearding, jun. (Min. Eng., 1953, 5, Oct., 974-976). Induction 
heating, using specially shaped coils, to forging temperature, 
and automatic control of tempering and hardening are ensur- 
ing faster and more accurate sharpening of bits at Oliver Iron 
Mining Div. Experiments with bit taper give promise of 
increased length of hole per bit.—kx. E. J. 

Induction Hardening Shop Practice. K. Flick. (Z.V.d.J., 
1953, 95, Nov. 1, 1061-1065). Induction hardening is des- 
cribed, including heater units, preparation, and methods used 
for different workpieces. Advantages, technical and economic, 
are discussed, and some hints for the designer are listed. 

Investigation of Carbonitriding in the Activated Liquid. A. 
Adachi and K. Tomita. (Tetsu to Hagane, 1953, 39, May, 
509-512). [In Japanese]. Carburizing and nitriding of low- 
carbon steels depended primarily on the action of NaCN 
catalysed by salts of barium, calcium, and sodium, and 
CaCN, additions increased the penetration speed. Optimum 
bath conditions were determined.—k. E. J. 

The Carbonitriding of Boron Steels. G. W. Powell, M. B. 
Bever, and C. F. Floe. (Amer. Soc. Metals, 35th Annual 
Convention, Preprint No. 23, 1953). Jominy bars of a plain 
carbon steel and of two boron steels were carbonitrided 4 hr. 
at 815, 870, and 900° C. respectively. The ammonia contents 
of the atmospheres were 15, 10, and 5% respectively, at these 
temperatures; the methane content was 5%, at each tempera- 
ture and the balance was made up of carrier gas. Jominy 
bars of these steels were also carburized at 925°C. in 5% 
methane and 95% carrier gas. All bars were quenched directly 
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from the case-hardening temperature, using standard pro- 
cedures. Hardness traverses were made at the surface and 
on flats ground at a depth of 0-005 in. The bars were then 
sectioned for metallographic examination and microhardness 
testing. Four sections perpendicular to the axis of each bar 
were made at measured distances from the quenched end. 
Special specimens of three boron steels were also carbonitrided. 
They were sectioned and microhardness traverses of the cases 
were made. The observations made possible quantitative 
comparisons of the hardenability of carbonitrided and car- 
burized cases on plain carbon and boron steels.—J. 0. L. 

Hot Face Insulation: Operating Advantages of Its Use in 
Large Annealing Furnaces. (/ron Steel, 1953, 26, Oct., 468- 
470). A comparison is made of operating results with two 
3-ton gas-fired annealing furnaces similar in all respects 
except wall construction, one being lined with 9 in. firebrick 
backed by 44 in. high-temperature insulating refractory, and 
the other with the insulating refractory of the same total 
thickness. The advantages of low thermal conductivity and 
capacity are illustrated by the results, the benefit of reduced 
thermal capacity diminishing as the time cycle is lengthened. 

Electric Hardening of Tools. L. Ya. Popilov. (Stanki i 
Instrument, 1953, (5), 17-19). [In Russian]. The theory, 
methods and applications of the electric-spark hardening of 
steel surfaces are considered. Following a description of the 
apparatus, the effect of the process on the hardness, dura- 
bility, and quality of the treated surface are discussed, various 
hardening electrode materials being compared. The results 
of an extensive investigation of industrial spark-hardening 
experience are summarized. The evolution of heat is the 
main surface-modifying effect, migration of elements in the 
discharge and by contact being secondary. Conditions for 
treating carbon and high-speed steels and the properties and 
depths of the resulting surfaces are tabulated.—s. kK. 

Another Look at Quenchants, Cooling Rates, and Harden- 
ability. D. J. Carney. (Amer. Soc. Met. Preprint No. 5w, 
1953). The purpose of this investigation was to examine the 
quenching constant H and the correlation of cooling rates 
and hardness in quenched rounds and end-quenched bars of 
low-alloy steels. It was observed that H varied with tempera- 
ture, size of bar and distance from the quenched surface. 
Improved correlation curves were obtained for equivalent 
cooling positions in rounds and end-quench bars. An improved 
curve was also obtained for correlating the ideal critical 
diameter D; with distance on the end-quench bar. Correlation 
curves based on equal 50, 80, and 95°, martensite positions 
were obtained for rounds and end-quench bars using moderate 
to good quenches in oil and water. An experiment was per- 
formed which indicated an effect of quenching strains on 
the rate of transformation and hence the hardness of quenched 
rounds.—4J. C. B. 


FORGING, STAMPING, DRAWING, AND PRESSING 


The Development of Drop Forging Plants in the U.S.A. and 
in Germany. P. Hansen. (Stahl u. Eisen, 1953, 78, Nov. 5, 
1473-1479). After dealing briefly with the organization of 
American drop forging shops, their number and efficiency, 
the forging procedures used and the differences from German 
conditions with respect to design and operation of furnaces, 
heat-treatment, testing, and conveyor equipment are out- 
lined. The evolution of hammer design and the reasons for 
the different course of development in Germany are discussed. 
The importance of long runs in improving efficiency and 
productivity is indicated.—1. Pp. 

Energy Exchange in Cold Upsetting on a Double Pressure 
Press. RK. Kellermann and K. Alsen. (Stahl u. Eisen, 1953, 
78, Oct. 22, 1410-1418). Upsetting processes have been 
investigated on a double-pressure press and the energy 
requirements determined (by calorimetric measurements of 
the heat contents of the bolts produced) as a function of the 
amount of deformation. From the nature of the relationship 
found, the necessary pressures can be graphically determined 
for simple shapes and these agree, at low deformation speeds, 
with those calculated from the formule proposed by Pomp 
and Siebel. Upsetting in the double pressure press is a 
process in which the effects of high deformation speed and 
high temperatures overlap. The magnitude of these effects 
on deformation resistance are not known quantitatively and 
the requisite pressures and energies cannot be predicted from 
the mechanical properties measured under other conditions. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





458 


The calorimetric procedure described can be used with 
sufficient accuracy to measure upsetting processes at high 
deformation rates. The pressure for complicated shapes 
annot be calculated.—s. P. 

An Evaluation of the Approximate Values of Force and 
Work in Free Forging. J. Czarny. (Hutnik, 1953, 20, (10), 
212-216). [In Polish]. The force and work necessary for 
the plastic deformation of a billet under hammers or in 
presses depends on the value of the limiting stress under 
which plastic deformation takes place. On the basis of the 
hypothesis of maximum shear stress and of the energy of 
shape deformation, approximate formule for force and work 
applicable to mechanical hammers and presses are deduced. 


Standardised Carbide Fastener Nib Dimensions Meet Most 
Cold Heading Needs. A. E. Glen. (Wire and Wire Products, 
1953, 28, Sept., 885-886, 928-930). The advantages of 
dimensional standardization are put forward.—J. G. w. 

Sheet Metal Working Machines. H. Rectanus. (Z.V.d.I., 
1953, 95, Sept. 1, 871-878). Sheet metal working machines 
displayed at the third European Machine Tool Exhibition 
in Brussels are reviewed.—J. G. w. 

Stretch Wrap Forming Cuts Fabricating Costs. L. F. Spencer. 
(Iron Age, 1953, 172, Sept. 3, 120-124; Sept. 10, 163-167). 
The secret of this method of forming is the increase in yield 
strength attained by stretching and ‘setting’ the metal 
beyond its yield point. Carbon and stainless steels have both 
been successfully used in this operation. The whole operation 
and its capabilities are described. The dies can be made from 
a wide variety of materials. To achieve a uniform strain 
distribution during forming a thin film of lubricant on the 
die is important.—a. M. F. 

How Delco-Remy Cold-Form Metals. R. L. Kessler, W. A. 
Fletcher, and W. P. Bowman. (Machinist, 1953, 97, Aug., 
29, 1419-1425). The four cold-forming processes of sizing, 
flat and rotatory swaging, coining, and ordinary and impact 
extrusion are described. The advantages claimed are reduc- 
tion in waste of raw material, and higher production rates. 

Calculations on Sheet-Drawing Under Back Tension through 
a Rough Wedge-Shaped Die. J. F. W. Bishop. (J. Mech. 
Phys. Solids, 1953, 2, Oct., 39-42). Calculations of the 

.drawing stress based on the Hill-Tupper theory of sheet- 
drawing are reported. In the range of reductions considered 
a single empirical formula summarizes the relation between 
drawing stress, die semi-angle, coefficient of friction, reduc- 
tion and back tension.—4J. G. w. 

The Influence of Lubricants on the Coefficient of Friction 
During the Deep Drawing of Metals. S. Ya. Veiler and G. I. 
Epifanov. (Doklady Akademii Nauk S.S.S.R., 1953, 92, (3), 
593-594). [In Russian]. The influence of lubricants on the 
coefficient of friction during deep drawing was investigated 
on samples of steel, copper, and brass. From changes in the 
coefficient during the repeated drawing of samples in various 
media (methyl and buthyl alcohols and pelargonic acid) it 
is concluded that the factor lowering friction during the first 
pass is not the external lubricating action, but the plasticizing 

. effect of the lubricant, 7.e., its ability to facilitate the flow 
of metal in a very thin layer in contact with the die.—v. a. 

Effects of Temper Rolling on Deep-Drawing Properties of 
Rimmed Type Steel Sheets and Their Changes by Ageing. 
T. Otake, T. Nishihara, and T. Matsumoto. (Z'etsu to Hagane, 
1953, 89, May, 513-519). [In Japanese]. For deep drawing 
of sheets, the properties required are low yield point, normal 
tensile strength, good ductility and (if finish is important) 
negligible strain ageing. The preferred range of temper rolling 
ratios was determined for Yawata steel, and modified in the 
cases of enhanced drawing properties or surface quality. 

Experiments with a Laboratory Extrusion Apparatus Under 
Conditions of Plane Strain. N. W. Purchase and S. J. Tupper. 
(J. Mech. Phys. Solids, 1953, 1, July, 277-283). Experiments 
with a sheet extension apparatus were performed for the 
purpose of comparison with Hill’s theory of extrusion, 
Excellent agreement was found between theory and experi- 
ment, except in minor details concerning the extent and 
shape of the ‘dead’ metal zone.—s. G. w. 

Cold Extrusion. F. Mass. (Metall, 1953, 7, Sept., 689-692). 
Particulars of the scope for cold extrusion of hollow bodies 
of various metals are given. Recommended dimensions, 
expected tool performances and specific pressures are quoted. 
Among the metals steel is included, attention being drawn 
to the importance of carbon and silicon contents. The 

‘lubricants for extruding steel and aluminium are discussed. 
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Extrusion: Squeeze New Alloy Shape. T. M. Rohan. (Iron 


Age, 1953, 172, Sept. 24, 59-60). A standard 1650-ton 
horizontal aluminium extrusion press with minor modifica- 
tions has been used to make small extruded alloy steel shapes, 
Sections up to 32 ft. long and from 0-100 to 0-907 in. thick 
have been produced. A temperature of 2200° F. is used at 
which die life is limited to less than 100 charges.—a. M. Fr. 

On Impact Extrusion. Y. Matsuura. (Waseda Univ., Rep. 
Castings Res. Lab., 1953, June, 48-49). [In English]. As 
part of work on bolt forming, some results concerning extru- 
sion force and flow states for static and impact conditions 
are given for lead.—kx. E. J. 

Extrusion and Extruding Hollow Bodies. A. Geleji. (Acta 
Techn., 1952, 4, (1-4), 273-292). [In German]. This theoretical 
paper explains methods of calculating the forces and stresses 
involved in extrusion pressing metals.—R. A. R. 

The Graphic Determination of Draw Plates for Tubes. A. 
Geleji and J. Schey. (Acta Techn., 1952, 4, (1-4), 347-364). 
{In German]. Methods for rapidly determining the dimensions 
of draw plates for cold drawing tubes, the tube dimensions 
at each draw in a series, and the force required at each draw 
are presented.—R. A. R. 

Die Pressure in Plane Strain Drawing: Comparison of 
Experiment with Theory. J. G. Wistreich. (J. Mech. Phys. 
Solids, 1953, 1, Apr., 164-171). Measurements of die pressure 
obtained during the drawing of solder through photoelastic 
dies are compared with the theories of plane strain drawing 
by Hill et al. and by Sachs. The latter is rejected. There is 
qualitative agreement between the experiments and the Hill 
theory, after due allowance is made for work hardening. 

Drawing Force Through Die. (Circular Arc Type Die). H. 
Yamanouchi and I. Hayashi. (Waseda Univ., Rep. Castings 
Res. Lab., 1953, June, 46-47). [In English]. Drawing forces 
through arc-type dies are quantitatively compared with those 
through straight line dies, and shown to be generally larger. 

A Nickel-Free Austenitic Steel for High-Strength Wire. 
H. O. McIntire and G. K. Manning. (Wire and Wire Products, 
1953, 28, Oct., 1019-1026). An account is given of the 
development of a high strength non-magnetic alloy steel, low 
in scarce elements, for Army Signals Corps communication 
cable. Satisfactory compositions are in the range: 0-08- 
0-15% C, 9-11% Cr, 14-5-18-5% Mn, 0-3-1-3% Si, 1-8- 
2-2% Cu, 0-08-0-15% N,. Particulars of processing, heat- 
treatment, and properties, are given.—J. G. w. 

The Drawing of Shaped Steel Wire. V. J. Vitelli. (Wire 
and Wire Products, 1953, 28, Oct., 1042-1046, 1145). An 
account is given of the development of the continuous drawing 
of shaped steel wire, in the manner of round wire, on multi- 
hole machines, with tungsten carbide dies. The process is 
now adopted by the John A. Roebling’s Sons Corp., Trenton, 
N.J., for all symmetrical shapes finished in coils 22 to 16 in. 
india. Success in the development were obtained by: Heavy 
lime coating, lime-loaded sodium stearate soap, round rough- 
ing pass followed by two to four flat-sided intermediate shaped 
passes, and a finishing pass.—J. G. w. 

Continuous Gaging for Machine Control. A. C. Sanford. 
(Wire and Wire Products, 1953, 28, Sept., 877-878, 925-926). 
A continuous gauge indicator for extrusion-coated wire is 
described. It consists of two rollers in contact with the wire, 
one actuating a dial indicator or recording mechanism. Subse- 
quently the indicator was supplemented by an electronic 
mechanism controlling the extruder. The unit is damped and 
holds the nominal size to within + 0-0005 in.—zs. a. w. 

The Manufacture of Diamond Dies. (Wire Ind., 1953, 20, 
Sept., 873-875). Early history and the present organization 
for the manufacture of diamond wire dies are described, 
followed by particulars of the manufacturing process followed 
by the British Diamond Wire Die Co. Recommendations are 
also made for their maintenance and servicing.—J. G. w. 

Overhead Conveyor System Mechanizes Processing in Wire 
Plant. L. F. Ashford. (Wire and Wire Products, 1953, 28, 
Sept., 879-880, 927, 928). An overhead conveyor for moving 
coils of wire in a wire-drawing plant is described.—R. A. R. 

Wire Patenting Furnaces. F. K. Reintsch. (Die Technik, 
1953, 8, July, 467-469). Constructional details of gas fired, 
multi-strand patenting furnaces are discussed. Recent 
changes in East German practice are noted. The lead bath 
is placed as closely as possible to the furnace; simple injection 
burners are being used in conjunction with producer gas. 
Outputs of 500-600 kg./hr. are quoted with a consumption 
of 120-150 cu.m./hr. of gas.—J. a. w. 
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ROLLING-MILL PRACTICE 


Measurement and Control in Modern Cold Strip Mills. 
J. Billigmann. (Stahl u. Eisen, 1953, 78, Oct. 22, 1394- 
1404). Examples given indicate the present state of 
development of measuring and control methods in modern 
cold strip mills, which can now roll as fast as 7000 ft./min. 
Maximum speeds are not used in most cases: more important 
is the attainment of a high average output at lower rolling 
speeds. In this connection, latest results on the influence of 
rolling speed on roll pressure and strip thickness merit special 
consideration. Some rules for, and experience with, strip 
tension are reported and the importance of measurement and 
control in increasing output in modern mills is indicated. 
Some fundamental problems in drive and control techniques 
are discussed and up-to-date procedures for measuring roll 
pressure and strip thickness and for controlling the latter are 
described and illustrated.—s. P. 

Roller-Bearings in Swedish Rolling Mills and the S.K.F. 
Rolling-Mill Design. A. Leufvén. (J. Iron Steel Inst., 1954, 
176, Apr., 415-423). [This issue]. 

New Swedish Mill Designs and Layouts for Medium and 
§mall Sections and Wire Rod. S. E. M. Norlindh. (J. Iron 
Steel Inst., 1954, 176, Apr., 391-405). [This issue]. 

The New Fagersta Wire-Rod Mill. K.-E. Pihlblad. (J. 
Iron Steel Inst., 1954, 176, Apr., 411-414). [This issue]. 
Practical Experience in the Use of Repeaters in a Looping 
Mill. H. W. Riddervold. (J. Iron Steel Inst., 1954, 176, Apr., 
406-411). [This issue]. 


MACHINERY FOR IRON AND STEEL PLANT 


Safety Factors of Crane Hooks. (Usine Nowvelle, 1953, 9, 
July 8, 51-55). To obtain comparable values of the safety 
factor it is necessary to standardize the method of calculation 
and conditions of fastening. Such values are useful to manu- 
facturers, but for hooks already in use the working load may 
be determined by comparison with similar hooks of known 
properties.—A. G. 

German Switchgear Construction with Special Reference to 
Iron and Steel Works. B. Fleck. (Stahl wu. Eisen, 1953, 78, 
Nov. 5, 1480--1484). The economic solution of the problems 
inlow and high voltage switch gear is to be sought in limiting 
cut-off capacity, which can be achieved by sub-dividing 
the operation, by the insertion of short circuit limiting chokes 
or transformers in a high-voltage transmission system. 
Modern enclosed gear makes possible, in many cases, the 
elimination of separate electrical control rooms and thus the 
reduction of constructional costs and cable lengths.—J. P. 


Thermo-Electric Power Station for the Cornigliano Metal- 
lurgical Plant. G. Razeto. (Ing. Mecc., 1953, 2, Sept., 5-14; 
Oct., 5-16). [In Italian]. The author underlines the big 
differences between municipal power stations and power 
stations for iron and steel works. The thermal cycle charac- 
teristics are described and the solution of some of the 
technical and economical problems which had to be over- 
come at Cornigliano are discussed. The power plant com- 
prises boilers fired by blast-furnace gas or rich gas and fuel 
ol, Ljungstrém turbo-generators, a turboblower for the 
blast-furnace and a new power house.—u. D. J. B. 


LUBRICANTS AND LUBRICATION 


Lubricants for Engines and Industrial Equipment. C. B. 
Davies. (Incorporated Plant Engineers’ Conf.: Colliery 
Guardian, 1953, 187, Sept. 3, 311-315; Sept. 10, 340-342). 
A comprehensive account is given of the various types of 
lubricants available for bearings, machinery, and engines. 
These include vegetable, animal, and mineral oils, organic 
acids, metal soaps, graphite, greases, and metal sulphides. 
The limits of hydrodynamic lubrication and extreme pressure 
lubrication are considered.—s. c. w. 

Synthetic Lubricants. W. A. Zisman. (Machine Design, 
1953, 25, Jan., 174-176). The general properties of synthetic 
oils and greases are described. Three tables are given with 
the properties (viscosity, evaporation rate at 210° F., flash 
point, and pour point) of synthetic and reference oils.—4J. R. P. 
Pour Point Depression of Lubricating Oils. G. Gavlin, E. A. 
Swire, and S. P. Jones, jun. (Indust. Eng. Chem., 1953, 45, 
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Oct., 2327-2335). The work was designed to extend knowledge 
of the mechanism of pour-point depression. Pour point in 
wax-bearing mineral oils is attributed to the formation of a 
rigid network by the solid crystalline components: when these 
systems are sheared, the apparent viscosity decreases. (14 
references).—K. E. J. 


WELDING AND FLAME-CUTTING 


A Comparison of Shielding Mixtures for Gas-Shielded Arc 
Welding. J. W. Cunningham and H. C. Cook. (Welding J., 
1953, 32, Sept., 834-841). The shielding qualities of argon 
and/or helium gas mixtures are discussed and their effect on 
are characteristics and resultant weld deposits are compared. 

Arc Welding of Low-Chromium Molybdenum Steel Pipe. 
J. Bland. (Welding J., 1953, 82, Sept., 803-814). The arc 
welding of 1-25%-Cr-0-5%-Mo alloy steel tubes, using 
1-0-1-25%-Cr 0°-5%-Mo and 2-25%-Cr 1-0°%-Mo low- 
hydrogen alloy-steel electrodes, has been investigated. Results 
show that satisfactory static and impact properties are 


obtained for unrestrained welds made in 1-25°%,-Cr 0-5°,-Mo 
with 1-0 to 1-25%-Cr 0:5%-Mo electrodes, welded without 
either pre- or post-heat-treatment. A correlation exists 


between hardness and ductility, and between hardness and 
tensile strength for heat-treated 1-25°(-Cr 0-5°,-Mo tube 
material and for 1-0 to 1-25%-Cr 0-5%-Mo weld deposits. 

Carbide Segregation in 1}-Cr 4-Mo Steel Pipe Welded Joints. 
I. A. Rohrig and H. 8. Blumberg. (Welding J., 1953, $2, 
Sept., 815-822). The weldability and response to post- 
welding heat-treatment of 1-25°,-Cr 0-5%,-Mo steel pipe was 
investigated by tensile, bend, impact, and hardness tests, 
and micrographical examination. Particular attention was 
given to carbide segregation.. Carbide segregation and de- 
carburization may occur under some conditions at the 
junction of the weld and heat-affected zone, but even the 
most severe carbide segregation observed did not give rise 
to embrittlement. The effect of heat-treatment and cooling 
below the lower critical temperature was negligible, 7.e., no 
appreciable carbide segregation occurred.—v. E. 

Are Welding of Ferritic and Austenitic Nodular Cast Iron. 
J. Sohn, W. Boam, and H. Fisk. (Welding J., 1953, 32, Sept., 
823-833). The arc welding of ferritic and austenitic nodular 
cast iron for application to jet engine parts has been investi- 
gated. Filler wires of nickel base, austenitic and ferritic 
stainless steel, aluminium bronze, and low-carbon steel were 
used. Repairs to castings were successfully accomplished with 
the commercial 60/40 Ni-Fe electrode.—v. gE. 

Joining of Ductile Iron by Several Arc Welding Methods. 
T. E. Kihlgren and H. C. Waugh. (Welding J., 1953, 32, Oct., 
947-956). An investigation on metal are welding of spheroidal- 
graphite cast iron with nickel-iron electrodes and filler wire. 
Brief data are also presented on metal are welding with steel 
electrodes.—v. E. 

The Electrical Resistance Welding Process for Making Steel 
Tubes. J. S. Blair. (Trans. Inst. Weld., 1953, 16, Oct., 117- 
126). The electric resistance weld process as applied to steel 
tubes has been improved by using a current of higher frequency 
than that provided by the mains. Hot finished strip is de- 
scaled, pickled and then cold rolled. The coils of strip are 
welded into a continuous length and, after trimming to an 
exact width, are bent cold into tubular shape. At the exit of 
a multi-roll forming machine the strip passes under a split 
electrode which applies electric current to the strip so that 
in passing across the abutting edges the current heats them 
to welding temperature. The actual weld takes place at this 
point owing to the squeezing action of the side rolls located 
immediately below the electrode. Details of the procedure 
are illustrated.—v. E. 

The Initiation of Brittle Fracture at Welded Joints in Steel 
Structures. W. G. Warren and H. G. Vaughan. (7'rans. Inst. 
Weld., 1953, 16, Oct., 127-135). The occurrence of fissuring 
in mild steel weld metal has been investigated. X-ray and 
metallographic examination has shown that the theory put 
forward for underbead cracking in hardenable steels can also 
be applied here. Using electrodes producing weld metal free 
from fissures would reduce materially the incidence of brittle 
fracture from welded joints.—v. E. 

Fatigue Properties of Weld Metal. L. A. Harris, R. B. 
Matthiesen, and N. M. Newmark. (Welding J., 1953, 32, 
Sept., 441s—453s). Tests were made to provide information 
regarding the fatigue properties of weld specimens deposited 
with a low-hydrogen and a high-hydrogen electrode. The 
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low-hydrogen weld metal, stressed parallel to the direction 
of welding, had much the better fatigue strength. Transverse 
specimens with the heat-affected zone centred in the test 
section had about the same fatigue strengths with the welds 
prepared from both types of electrode.—v. E. 


Porosity in the Welding of Carbon Steel. G. W. Oyler and 
R. D. Stout. (Welding J., 1953, 82, Sept., 454s-460s). An 
investigation was carried out on the effects of current density, 
deoxidation practice of electrodes and base metal, and addi- 
tion agents to the inert gas atmosphere, on the porosity in 
are-welded carbon steel. An increasing susceptibility to 
porosity was observed as the electrode or base metal was 
selected from less fully deoxidized steel. With nitrogen in 
the atmosphere, the killed electrode formed much greater 
porosity on killed plate than it did in pure argon. The 
addition of deoxidizers was effective in reducing porosity. 
Porosity was also noticeably affected by the current density. 

Load Carrying Capacity of Fillet Weld Connections. F. 
Koenigsberger and H. W. Green. (Welding J., 1953, 82, 
Sept., 859-863). Static test results show that the load-carrying 
capacity of angles or welds is not affected by the arrangement 
of the welds as the material is able to adapt itself to the 
prevailing condition, but the load-carrying capacity in fatigue 
was found to be less than 18% of that under static loading. 

Control of Welding Stresses. G. B. Talypov. (Avtog. Delo, 
1953, (5), 6-8). [In Russian]. The following conclusions are 
drawn from an experimental investigation of welding stresses 
in 250 x 150 mm. specimens of 10-mm. steel plates: (1) In- 
crease of initial even temperature reduces welding deforma- 
tions and stresses, and these almost disappeer if the initial 
temperature approaches the plastic temperature of the metal. 
(2) Provided that plastic deformation is not produced, heating 
the edges of the metal either eliminates or greatly reduces 
welding distortion and stresses. (3) Increase of initial tem- 
perature above the blue-brittleness temperature does not 
produce any further significant reduction of the deformations 
and stresses.—s. K. 

Failures in Welded Bridges. (Canad. Metals, 1953, 16, Aug., 
48-50). This is a review of information collected by the 
National Research Council, Ottawa. The failures reported 
are all in Europe and chiefly in pre-war Germany, where the 
steel used was St 52 containing 0-3-0-5% Si, 1-2-1-6% Mn, 
and 0-3-0-6% Cu. Most of the failures appear to have been 
associated with low atmosphere temperatures. Results of 
investigations show no valid reasons for the failures but 
certain precautions are now taken in the building of welded 
bridges and these are enumerated.—4J. C. B. 

Metallographic Study of the Fracture of Tensile Test Pieces. 
J. Izaguirre Cobo. (Cien. Teen. Sold., 1953, 3, Sept.—Oct.). 
{In Spanish]. The mechanical properties of the weld metal 
from two types of electrodes when welding a stainless steel 
were examined metallographically.—z. s. 

Preferred Orientation of Secondary Graphite in Cast Iron. 
J. M. Sistiaga. (Cien. Tecn. Sold., 1953, 8, Sept.—Oct.). [In 
Spanish]. The difficulties of welding castings which have 
undergone growth are explained. Directional segregations 
were found in these grey iron castings. This was thought to 
be due to secondary graphite. The planes of the segregations 
are the octahedrons of the austenite from which they originate. 


Safety Measures for Oxy-Acetylene and Arc-Welding. P. 
Steidl. (Schweissen u. Schneiden, 1953, 5, Oct., 362-368). A 
review is given of effective safety measures to be applied 
during oxy-acetylene and electric welding and during cutting 
and flame-cleaning operations. Different kinds of glasses, 
masks, and shields are described and considered.——v. E. 

Brazing Stainless Steel without a Flux. (Schweisstechn., 
1953, 7, Oct., 117-118). A method has been developed by 
which stainless steel can be brazed with copper without a 
flux. Oxidation of the surface is prevented by covering the 
stainless steel-with a thin layer of iron or ordinary steel which 
is afterwards removed by pickling.—v. rE. 

Advanced Automatic Flame Cutting for Machinery Weld- 
ments. H. B. Cary. (Welding J., 1953, 82, Oct., 957-965). 
The development and utilization of flame cutting machines 
in the fabrication of welded power-driven shovels is described. 
For automatic control the electronic tracing device is used 
which follows the intersection of a light with a dark-coloured 
surface by means of optical, electronic, and mechanical 
devices. The automatic cutting machine is successfully used 
for flame-cutting templates in stacks.—v. E. 
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Durability of Cutting Tools in High-Speed Cutting with 
Large Tool Advances per Revolution. J. Koloc. (Strojirenstvi, 
1953, 3, (10), 738-740). [In Czech]. Formule are given for 
the efficiency of cutting and turning metal, and it is shown 
by the author’s tests that the generally accepted formula 
are in need of modification. The difference between the old 
and the new formulze becomes appreciable with high-speed 
cutting. The new formule proposed are essentially in agree. 
ment with those given in the most recent Russian literature, 

Modification of Metal-Cutting Machine Tools for Anodic 
Mechanical Machining. G. A. Karasik. (Stanki i Instrument, 
1953, (6), 9-17). [In Russian]. The most advantageous 
application of anodic mechanical machining methods are 
considered, and details are given of modifications required 
to convert some machine tools to these methods.—s. kK. 

Electro-Spark Erosion for Metal Machining and Cutting, 
D. W. Rudorff. (Welding and Metal Fab., 1953, 21, Nov., 
425-429). A new method for spark cutting of cemented 
carbides and high-alloy heat-resistant alloys is described. 
The material-removing action of the electric spark discharge 
in a non-conducting liquid is due to the very high temperature 
of the electric spark. The Sparcatron method uses 110 V. 
and distance between the two electrodes of 0-15 mm. A 
hydrocarbon mixture serves as cooling and dielectric liquid. 
The electrode (cutter) is made negative and the workpiece 
positive. Electrons produced at the electrode are thus 
accelerated towards the workpiece creating an electron 
avalanche which terminates in the formation of the electrically 
conductive spark-channel through the dielectric liquid. The 
spark discharge takes place with such rapidity that the sur- 
rounding metal remains cool while the material at the spark 
seat is instantly vaporized.—v. E. 

How to Handle Chips and Trimmings. (Machinist, 1953, 
97, Aug. 8, 1289-1312). This report explains how to analyse 
the chip-handling problem in machine and stamping shops 
and describes the methods and equipment commonly em. 
ployed in developing economical systems to suit a variety of 
plant conditions.—J. R. P. 

Electrodynamic Profilometer KV-7. V. M. Kiselev. (Stanki 
@ Instrument, 1953, (5), 25-28). [In Russian]. An improved 
version of the author’s electrodynamic profilometer is 
described. In this, a movement of the diamond-tipped needle 
causes a coil to move in a magnetic field. The induced voltages 
are amplified and integrated in such a way that the instrument 
reading is the mean square of the height of the micro- 
irregularities on the surface investigated. The instrument, 
weighing 25 lb., is in a compact form and gives results 
accurate to + 15°%.—s. K. 


CLEANING AND PICKLING 


New Methods of Pickling Steel. L. Vlasikova. (Strojirenstvi, 
1953, 8, (10), 751-754). [In Czech]. Methods of pickling and 
derusting steel are surveyed. The chemical bases of alcaline 
and acid pickling are considered; the cyanide method, which 
is practically the same as the De-Rustit and De-Rustan 
methods, is discussed in detail, and optimum conditions are 
defined.—p. F. 

Study of the Surface Oxides on Mild Steel Sheet to be Used 
for Electro Plating. J. van Cakenberghe, F. Halla, and W. R. 
Ruston. (Métaux—Corrosion—Indust., 1953, 28, Oct., 406-409). 
The iron oxide phases present on a mild steel surface are 
considered and the quantitative determination of the relative 
amounts of FeO and Fe,O, present is made. The formation 
of an oxide film during heating was investigated and the 
effect of differert rates of cooling on the ease of removal of 
the oxide layer by warm dilute H,SO,, and on the nature of 
the iron oxides present, is examined.—B. a. B. 

Sulfide-Cyanide Copper Stripping. C. F. Gurnham. (Products 
Finishing, 1953, 18, Oct., 74-84). A method of removing the 
copper deposit used for stopping off in carburizing is described. 

Precision Tumbling Produces Fine Finish. R. Depastina. 
(Machinist, 1953, 97, Aug. 29, 1427-1429). A process of 
polishing is described in which the control of the abrasive, 
water, additive and the development of a sliding action 
contribute to produce an excellent polish. Conditions for 
treating steel, hardened steel, copper, and brass are tabulated. 

Better Tumbling Methods Cut Parts-Finishing Costs. W. 
Stone. (Iron Age, 1953, 172, Sept. 24, 117-121; Oct. 1, 104 


APRIL, 1954 








107). 
descril 
precisi 
chips, 
Carefu 
parts ° 
fixture 

Bur: 
(Prod 
of the 
stamp 

Bari 
ofa B 
Beave' 
genera 
materi 

Bari 
Miner 
Finish 
diabas' 
given.- 

The 
Aug. 6 
and th 
(hardn 
are oul 
belt ar 
suitabl] 

Ultr: 
(Machi 
process 
offers i 
hard te 
niques, 
tions ¢ 

The 
Lindbe 
describ 


Avenue 
specific 
paintin 
abstrac 


Rece 
(Chim. 
The m 
detail. 
solutior 
and the 
for elec 
particu 
problen 
are disc 

Brigk 
Galvanc 
the ecc 
caution 
in brigt 

Influc 
on the ( 
and F, 
A169). 
A.C. an 
tion of 
hard ch 
current 
of the k 
exceptic 

Throv 
(Tekn. 
Based 1 
made o 
The rele 
ductivit 


APRIL, 





> with 
enstvi, 
en for 
shown 
rmule 
he old 
-speed 
agree. 
rature, 
Anodic 
ument, 
ageous 
ds are 
quired 
ea 
utting, 
Noyv., 
nented 
cribed., 
charge 
srature 
110 V. 
m. A 
liquid. 
‘kpiece 
2 thus 
lectron 
rically 
|. The 
he sur- 
> spark 


, 1958, 
nalyse 
- shops 
ly em- 
iety of 


(Stanki 
proved 
ster is 
needle 
oltages 
rument 
micro- 
ument, 
results 


renstvt, 
ng and 
ulcaline 
. which 
Rustan 
ons are 


e Used 
|W. R. 
6-409). 
uce are 
elative 
mation 
nd the 
oval of 
ture of 


roducts 
ing the 
eribed. 
yastina. 
cess of 
yrasive, 
action 
ons for 
ulated. 





ABSTRACTS 


107). The application of tumbling as a finishing method is 
described. The most important factor in successfully rolling 
precision machine parts is the exacting combination of granite 
chips, abrasives, and compounds for each particular job. 
Careful timing and cleanliness are also necessary. For large 
parts which cannot roll loose, the design of suitable holding 
fixtures is most important.—a. M. F. 

Burr Removal Expedited by Wet Tumbling. H. C. Larson. 
(Products Finishing, 1953, 18, Nov., 66-69). Details are given 
of the de-burring of small steel screw-machine products and 
stampings by wet-barreling with smooth granite chips 

Barrel Finishing of Metal Products.—The Aim and Purpose 
of a Barrel Finishing Experimental Research Program. H. L. 
Beaver. (Products Finishing, 1953, 17, Sept., 36-46). <A 
general account is given of the work on barrels and finishing 
materials of Beaver Barrel Finishing Research.—kx. E. J. 

Barrel Finishing of Metal Products.—The Selection of a 
Mineral for Reducing Surface Area. H. L. Beaver. (Products 
Finishing, 1953, 18, Nov., 46-56) Examples of the use of 
diabase, and an igneous laprock for barrel polishing are 
given.—A. D H. 

The Polishing of Stainless Steel. (Usine Nowvelle, 1953, 
Aug. 6, 25-27). The compositions of typical steels are given 
and the characteristics which make them difficult to polish 
(hardness, abrasion resistance, and low thermal conductivity) 
are outlined. A review of the different types of polishing disc 
belt and abrasive powders is given and recommendations on 
suitable equipment and mode of operation are put forward. 

Ultrasonics ... A Sound Method of Cleaning. R. E. Homan. 
(Machinist, 1953, 97, Aug. 15, 1335-1339). A production 
process of ultrasonic cleaning is described which, it is claimed, 
offers important advantages for expensive articles which are 
hard to clean, where absolute cleanliness is essential. Tech- 
niques, accessory equipment, solvents, and safety considera- 
tions are dealt with.—. R. P. 

The Use of Ultrasonics for Cleaning Machine Details. B. 
Lindbeck. (Microtechnic, 1953, 7, (5), 241). The author 
describes an immersion method of cleaning by applying 
oscillating energy at a frequency of 20,000-50,000 cycles/sec. 
Applications of the method are indicated.—t. D. H. 

Cleaning and Preparation of Steel Surfaces for Painting. 
B. Scheifele. (Werkstoffe wu Korrosion, 1953, 4, Nov., 402-406). 
Recently the Steel Structures Painting Council, 4400 Fifth 
Avenue, Pittsburgh 13, Pa., U.S.A., has issued a number of 
specifications for the surface preparation and protective 
painting of structural steel. This article is an extended 
abstract of some of the earlier specifications of the series. 


PROTECTIVE COATINGS 


Recent Progress in the Plating Industry. W. Pfanhauser. 
(Chim. e Indust., 1953, 35, Sept., 639-644). [In Italian]. 
The methods of obtaining bright deposits are described in 
detail, Organic and inorganic additives to electroplating 
solutions in order to obtain bright deposits are discussed 
and the periodic reversal process is examined. Specifications 
for electroplating solutions for different processes are given, 
particularly for the substitution of alloys for nickel. The 
problems of electroplating aluminium and magnesium alloys 
are discussed.—m. D. J. B. 

Bright and High Lustre Baths. (Metallwaren-Industrie und 
Galvanotechnik, 1953, 44, (5-6), 188-191). After discussing 
the economic advantages of bright plating, and the pre- 
cautions necessary, a description of the conditions required 
in bright nickel and zine plating is given.—t. D. H. 


Influence of the Wave Form of Rectified Alternating Current 
on the Growth of Electrodeposited Coatings. M. E. Beckmann 
and F. Maass-Graefe. (Metalloberfldche, 1951, 8, Nov., al61— 
4169). A comparison is made between the effects of rectified 
A.C. and those of D.C. obtained from batteries on the opera- 
tion of alkaline and acid zinc, acid copper, acid nickel, and 
hard chromium plating baths. In general, variations in the 
current supply does not affect the operating characteristics 
of the baths and the columnar nature of the deposits. Some 
exceptions are noted.—R. A. R. 

Throwing Power in Electrolytic Baths. G. Wranglén. 
(Tekn. Tidskr., 1953, 88, Nov. 10, 857-861). [In Swedish]. 
Based largely on current literature, a theoretical review is 
made of factors affecting throwing power of an electrolyte. 
The relevant equations presented permit calculation of con- 
ductivity, potential, primary and secondary current density 
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distribution, and variations due to changes in electrode 
spacing. The influence of temperature on bath conductivity 
is dealt with and methods evolved for calculating, improving 
and measuring throwing power are described.—c. G. K. 

How to Maintain Constant Tank Solution Level with Simple 
Foolproof Fixture. P. E. Miller. (Products Finishing, 1953, 
17, Sept., 54-58). A simple hydrostatic device is described 
which will automaticaily maintain the level in any plating 
tank by supplying make-up water. It is recommended that 
the condensate from steam heating coils be used.—kK. E. J. 

The Nickel, Chromium, and Copper Plating of Stainless 
Steels. E. R. Thews. (Metalloberfldche, 1951, 5, Nov., B165- 
B166). <A brief review is given of American processes. of 
pickling martensitic, ferritic, and austenitic steels, and bath 
formule and plating conditions are presented for the electro- 
deposition of nickel, chromium, copper, gold, and silver on 
stainless steels.—R. A R. 

Bright Plating Protection. Ault and Wiborg Ltd. (Product 
Finishing, 1953, 6, Oct., 77-78). A dip that will displace 
water from rinsed articles and prevent staining of bright 
plated articles is described.—a. D H. 

Inhibitors for Metal Finishing. R. O. Bailey. (Metal 
Finishing, 1953, 51, Sept., 65-68). The author briefly describes 
scaling and pickling. Inhibitors and their action are reviewed. 

Treatment of Chromium and Other Plating Room Waste 
Waters. M. E. Hodges. (Metal Finishing, 1953, 51, Oct., 
60-64). The operation of a batch process for removing 
chromium and nickel from tank wastes to prevent river 
pollution is described. Sodium metabisulphite is used as a 
reducing agent.—A. D. H. 

New Metal Finishing Lab Duplicates Plant Conditions. W. G. 
Patton. (Iron Age, 1953, 172, Sept. 24, 124-126). New research 
facilities recently completed by the Wyandotte Chemicals 
Corp. permit full-scale investigation of metal finishing 
operations. Both spray and immersion type cleaning and 
plating of many full-sized parts can be undertaken. Flexibility 
of construction and design enables a wide variety of plant 
conditions to be duplicated. Spray-washing equipment is 
unusual in that units of a six-stage machine are interchange- 
able.—a. M. F. 

Determination of Diffusion Layers in Iron with the Aid of 
Microhardness. H. Zwicker. (Metalloberfldche, 1952, 6, June, 
A81-a87). Microhardness curves are presented which demon- 
strate that the depth of diffusion of other metals in iron can 
be measured by this means. Volumetric concentrations of 
chromium and nickel in iron can be read directly from the 
curves. The grain boundary penetration of copper in iron 
can also be followed.—nr. A. R. 

Comparative Investigations of Feroxyl Tests for Porosity. 
H. Giinther. (Technik, 1953, 8, Aug., 524-526). Vollmer’s 
chemical and Garre’s electrochemical methods of measuring 
the porosity of metallic coatings are compared. The author 
concludes from his investigation that comparable results are 
obtained if the testing time is confined to 60-130 sec. Other- 
wise Vollmer’s procedure leads to a greater scatter in the 
measurements owing to more rapid attack.—vJ. G. w. 

Air Filtering Systems for Finishing Shops. L. Walter. 
(Product Finishing, 1953, 6, Nov., 61-67). The author reviews 
the main types of air filters and discusses the factors to be 
considered when selecting filters to meet particular con- 
ditions.—aA. D. H. 

Influencing the Hardness of Chromium Deposits by the Bath 
Constants. H. Benninghoff. (Metallwaren-Industrie und 
Galvanotechnik, 1953, 44, (5-6), 179-184). The influence of 
the following factors on the hardness of chromium deposits 
is discussed: Bath temperature and current density; the 
chromic acid; the foreign constituents; and trivalent 
chromium.—t. D. H. 

Development of the Chromizing Process. K. Daeves. 
(Draht, German Ed., 1953, 4, Sept., 337-339). This is a 
review of the methods and advantages of imparting corrosion 
resistance by the chromium diffusion process, as distinct 
from chromium plating. It is pointed out that the dimensions 
of the workpiece are unchanged, and the fatigue limit is not 
lowered. A 6-5 mm. rod of titanium-killed steel processed 
in this manner could be drawn down to 0:5 mm. diameter 
wire, without intermediate heat-treatment; this demonstrates 
that the ductility of the steel core is unaffected by chromizing. 

Statistical Quality Control Improves Efficiency of Chromium 
Plating Operation. F. L. Bonem. (Products Finishing, 1953, 
17, Aug., 24-36). In plating of cotton picker spindles at 
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International Harvester Co., quality control has reduced 
defectives from 5% (average) to 0: 25% by improving sampling 
procedure, and predicting faults.—x. E. J. 

Sulphamate Nickel Plating. C. F. Gurnham. (Products 
Finishing, 1953, 18, Oct., 54-74). The operating charac- 
teristics and plant for sulphamate nickel plating are described. 
The system is simple to operate and yields a stress-free, ductile 
deposit. Present applications are in electrotype and the 
electroforming of intricate shapes.—A. D. H. 

Electroless Nickel. H. J. West. (Metal Finishing, 1953, 51, 
Sept., 68). In the plant briefly described 9-gal. (U.S.) glass 
pots are used as a rubber-lined tank will not withstand the 
operating temperature of 200° F. Two pots in continuous 
operation plate about 15,000 parts in 8 hr. The solution for 
a 9-gal. pot contains: Nickel chloride 96 oz. of 5 Ib./U.S.-gal. 
solution, 12 oz. sodium hypophosphite, and 12 oz. sodium 
citrate.—R. A. R. 

Electrolytic Grinding or Machining of Metals. O. W. Storey. 
(J. Electrochem. Soc., 1953, 100, May, 125C-126C). A 
new process of rapid electrolytic grinding using a fast-moving 
nickel cathode in which diamond particles are embedded, is 
described.—a. D. H. 

Electrodeposition of Zinc—Oscillographic Method of Measur- 
ing the Adhesion of Cathodic Deposits. E. Bertorelle. (Chim. 
e Indust., 1953, 85, Aug., 556-560). [In Italian]. The adhesion 
of an electrically deposited coating is measured by recording 
cathodic oscillograms, related to the nature of the electrolyte 
and to the metal surface. The method is applied to electro- 
lytes for zinc containing fluorine. (25 references).—m. D. J. B. 

Electrogalvanizing from Fluoborate Solutions. T. R. Anan- 
tharaman and J. Balachandra. (J. Electrochem. Soc., 1953, 
100, May, 237-239). The operating characteristics of a bath 
containing 180 g./l. zine fluoborate, 30 g./l. ammonium fluo- 
borate, 25 g./l. boric acid, and 1 g./l. B-napthol are described. 
The bath is comparable with zinc cyanide and superior to 
zine sulphate.—a. D. H. 

Operational Experience with Hot-Dip Galvanizing Plants for 
Wire. J-E. Becker. (Stahl u. Eisen, 1953, 78, Oct. 22, 1385- 
1391). The operation of a continuous hot-dip wire galvanizing 
plant is discussed with reference to a novel draught hood 
over the pickling tank, and to the construction of cleaning 
and rinsing vats, flux tanks, drying plates, zinc kettles, and 
methods of galvanizing.—z. P. 

The Phosphatizing of Iron and Steel and Its Commercial 
Significance. F. Machu. (Osterr. Masch. Elektrowirtschaft, 
1953, 8, Oct., 293-295). The development of the phosphatizing 
process is outlined, and the use of hot and cold, electrical, 
and spraying methods are described. Bath compositions and 
working conditions are given briefly. Brief mention is made 
of Atramentizing, a manganese phosphate bath introduced 
about 1929 by the I. G. Farbenindustrie, and of ‘ Digofat,’ a 
Russian manganese phosphate bath.—nr. A. R. 

The Phosphatizing of Steel Wires in Wire-Drawing Plants. 
H. Berkenhoff. (Stahl u. Eisen, 1953, 78, Oct. 22, 1391-1394). 
The transition of the Bonderizing process from tube to wire 
drawing, experience gained in, and the advantages accruing 
from, its use are discussed. The methods of applying Bonder- 
ized coatings to steel wire are fully described and some future 
possibilities indicated.—s. P. 

Phosphate Coating—Extra Step is Shortcut to Quality 
Finishes. (Steel, 1953, 188, Oct. 26, 158-159). The application 
of zine phosphate, iron phosphate, and phosphoric acid base 
materials marketed in U.S.A. as ‘ Fosbonds’ is briefly con- 
sidered. Phosphate coatings can now be applied to steel 
surfaces in automatic production lines, with processing times 
of 3 to 7 min.—D. L. c. P. 

Get the Most from Your Wire-Enamelling Dies. R. Bliss. 
(Wire and Wire Products, 1953, 28, Aug., 784-787, 812-817). 
Dies used in enamelling of wire are described, and their 
manufacture, maintenance, and servicing are explained. 

Applications of Barrel Enamelling. W. 8S. Field. (Product 
Finishing, 1953, 6, Oct., 52-55). The enamelling or lacquering 
of small metal parts by barrelling is described. The process 
is quick and cheap but requires carefully controlled con- 
ditions.—a. D. H. 

Porcelain Enamelling of Steel Pipe. (Products Finishing, 
1953, 18, Nov., 69-74). A dipping machine and drying unit 
for enamelling pipes up to 21 ft. long are described.—a. D. H. 

Enamelling of Cast Iron. V. Montoro, E. Lossa, A. Guissani, 
and E. Guissani. (Found. Trade J., 1953, 95, Nov. 5, 579-581). 
The possible causes of faulty enamelled ware are discussed 
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and the results of laboratory tests briefly reported. The tests 
have been concerned with: (a) Defects in the castings, particu. 
larly blowholes and inclusions; (b) composition and structure 
of the sample; (c) method of surface preparation; and (dj 
the enamelling process used.—B. c. w. 

Importance of ‘ Wash-Primers’ in the Struggle against 
Corrosion. F. Chevassus. (Peintures, Pigments, Vernis., 1953, 
29, Aug., 630-635). Wash-primers are essentially a combina. 
tion of polyvinyl butyral resin, phosphoric acid, and chro. 
mates or chromium derivatives. They render metal surfaces 
passive and anticorrosive, form an adherent film, and promote 
better adhesion with the main protective layers. Advantages 
over other types of primer, the various types of wash primer, 
and their preparation and application are discussed. Corrosion 
tests in water and a humid atmosphere are reported.—a. a, 

The Painting of Steel. J.C. Hudson. (Trans. Inst. Met. 
Finishing, 1953, 29, Advance Copy No. 1). The present state 
of knowledge of the protective painting of structural steel. 
work is reviewed. Existing methods, if properly applied, 
should prove satisfactory for most normal purposes.—J. P. 

Electrostatic Spray Method Primes Car Bodies. H. Chase, 
(Iron Age, 1953, 172, Oct. 1, 102-103). An electrostatic field 
of 90,000 V. is being used by the Studebaker Corp. in an 
automatic spray bath. This field attracts the paint to the 
ear body, which is earthed. There is no overspray and a 
uniform coating is achieved.—a. M. F. 

Infra-Red Offers Economies in Continuous Process Heating. 
I. J. Barber. (Iron Age, 1953, 172, Oct. 1, 97-101). The 
advantages of infra-red heating units for rapid heating of 
paint drying ovens are discussed.—aA. M. F. 


POWDER METALLURGY 


Manufacture of Alloys by Impregnation. H. Anders, 
(Werkstoffe u. Korrosion, 1953, 4, Aug.-Sept., 308-309). This 
is a general article about impregnation processes as applied 
to sintered metals. The latter may have a porosity of up 
to 20%. In impregnation processes the pores are filled by 
hot-dipping with a metal with a lower melting point than 
the matrix metal and the mechanical properties of the product 
are substantially improved.—J. c. H. 

The Production of Fe-Ni-Co Alloys by Sintering Metal 
Powders. S. Stolarz. (Prace Instytutow Ministerstwa Hut- 
nictwa, 1953, 5, (4), 219-228). [In Polish]. The properties 
required for metal wires suitable for fusion into glass are 
outlined. The results of the experimental preparation of 
Fe-Ni-Co alloys by sintering metal powders, and the subse- 
quent manufacture of wires for fusion into soft and hard 
glass are described. The properties of wires produced were 
satisfactory and the process is therefore considered suitable 
for industrial application.—v. G. 

Influence of Manufacturing Conditions on the Properties of 
Sintered Iron Powders. W. Loskiewicz, W. Rutkowski, and 
W. Zolkowski. (Prace Instytutow Ministerstwa Hutnictwa, 
1953, 5, (4), 229-243). [In Polish]. Short descriptions of the 
properties of sintered powders, their determination, the 
production of iron powders by electrolytic and mechanical 
methods, together with method of preparing, pressing, and 
sintering mixes are given. The influence of pressure and of 
the temperature and time of sintering on the properties of 
sinters made from iron powders was investigated. On the 
basis of experimental evidence, four stages of sintering 
temperatures are differentiated: Up to 600° C. (stage 1) the 
properties of pressed specimens remain unchanged during 
sintering ; (2) during sintering in the 600—900° C. temperature 
range; and (3) above 1050° C. the properties of sinters improve 
with increasing temperature, whilst (4) in the 900-1050° C. 
range the properties deteriorate with increasing temperature. 
Optimum properties are obtained in the neighbourhood of 
900° C., the exact temperature depending on the type of iron 
powder used.—-v. a. 

The Processing, in the Higher Density Range, of Durable, 
Precision Iron Powder Parts on a Production Basis. W. J. 
Doelker and H. T. Harrison. (Proc. 9th Annual Meeting 
Metal Powder Assoc., Apr. 21-22, 1953, 22-47). The National 
Cash Register Co., Dayton, Ohio, has developed to a mass 
production scale, the pressing and sintering of iron powder 
into high quality parts. The metallurgical, quality, production, 
and economic aspects of this process are described. A care- 
fully specified electrolytic iron powder can be pressed in 
carbide dies at up to 120,000 lb./sq. in. to give a density of 
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7-5 g./c.c. Most parts are up to 4in. thick, but may be up 
to lin. A great variety of parts are produced, on a practical 
and economically sound basis, which have physical charac- 
teristics as good as or better than the same parts made from 
fabricated steel shapes; dimensional tolerances can be main- 
tained closer, surface finishes improved, the number of opera- 
tions reduced, and output increased with no increase in 
cost.—D. L. C. P. 

Metal Powder Friction Materials in Heavy Duty Trans- 
missions. J. E. Storer. (Proc. 9th Annual Meeting Metal 
Powder Assoc., Apr. 21-22, 1953, 49-58). The performance 
of heavy duty clutches comprising alternate steel and sin- 
tered-bronze-faced rings, is considered. The effect of the 
type of bronze material and environment oil on the wear 
and condition of plates after test is illustrated. A new, 
convenient, clutch testing machine is mentioned.—D. L. c. P. 

A Survey of Iron Powder Production Capacity. R. L. 
Ziegfeld and D. M. Borcina. (Proc. 9th Annual Meeting 
Metal Powder Assoc., Apr. 21-22, 1953, 60-61). The replies 
to a questionnaire circulated to companies concerned with 
the production of iron powder in U.S.A. and Canada are 
analysed. Figures from nine major companies show the 
capacity by the middle of 1953 was expected to be 3430 tons 

r month.—D. L. ©. P. 

Powder Metallurgy at the Cross Roads—Present and Future 
Possibilities. J. D. Shaw and W. V. Knopp. (Proc. 9th Annual 
Meeting Metal Powder Assoc., Apr. 21-22, 1953, 63-68). 
Some factors which will aid the expansion of powder metal- 
lurgy are examined. Steps recommended include: Standard 
specifications for powders; use of new powder additions and 
techniques; and more exacting process control.—D. L. Cc. P. 

Subsieve Particle-Size Measurement of Metal Powders by 
Air Elutriation. R. E. Pollard. (J. Res. Nat. Bur. Stand., 
1953, 51, July, 17-31). Particle-size measurements of spherical 
metal powders by means of the Roller air analyzer, using 
samples up to 40 g. of powder, were found to be reproducible 
within approx. + 1% of the original weight of the sample 
for particle diameters up to 120u.—R. A. R. 


PROPERTIES AND TESTS 


Two Hundred Ton Testing Machine at McGill. V. W. G. 
Wilson. (Eng. J., 1953, 36, Sept., 1142-1143, 1145). A new 
400,000-lb. Baldwin-Lima-Hamilton machine has been 
installed at McGill University for testing large specimens 
(e.g., full size castings and fabricated parts) up to failure, in 
compression or tension. Details are given of the machine, its 
installation, and the operating and indicating arrangements. 

The Calibration of Extensometers. B. Baranowski and G. 
Zaborowski. (Prace Instytutow Ministerstwa Hutnictwa, 1953, 
5, (4), 209-218). [In Polish]. A classification of extensometers 
according to their principle of operation and their applications 
is given. A short analysis of errors made when measuring 
deformations is presented. The principles of the calibration 
of extensometers are discussed and the known methods are 
outlined. A comparator made in the Polish Metallurgical 
Research Institute for calibrating extensometers is described. 

Universal Tensometer Calibration Device. M. S. Bludorov. 
(Zavodskaya Laboratoriya, 1950, 16, (10), 1278-1279). [In 
Russian]. A simple and cheap device is described which can 
be used for the routine re-calibration of most types of tenso- 
meters.—s. K. 

Errors in Measurements by Lever Tensometers and Wire 
Resistance Strain Gauges in Static Tests. E. G. Sukomel. 
(Zavodskaya Laboratoriya, 1950, 16, (10), 1231-1236). [In 
Russian]. Data obtained in a large number of static tests 
with lever tensometers and resistance strain gauges are 
examined statistically. Conclusions on the relative accuracies 
and other features of the two classes of instrument are drawn. 

Behaviour of Materials Subjected to Loading above the 
Limit of Proportionality. S. San Juan Rubio. (Anal. Mec. 
Elect., 1953, 80, Mar.-Apr., 79-86). [In Spanish]. The author 
studies, from a practical point of view, the behaviour of 
materials under loads higher than the limit of proportionality. 
Some practical cases are described.—k. s. 

On the Plastic Distortion of Solid Bars by Combined Bending 
and Twisting. R. Hill and M. P. L. Siebel. (J. Mech. Phys. 
Solids, 1953, 1, Apr., 207-214). Experimental moment-angle 
relations for steel are reported. A general relation is proposed 
between the fully plastic values of bending moment, torque, 
and axial force.—J. G. w. 
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Heat Treatment Effects on Transition Temperature of a 
Ship Steel. E. B. Evans and L. J. Klingler. (Welding J., 
1953, 32, Sept., 417s—431s). The effect of various subcritical 
heat-treatments on the ductility of as emikilled 0-25% 
carbon steel was investigated. The ductility was evaluated 
by means of Charpy V-notch impact and eccentric notch 
tensile transition temperatures. Characteristic quench-ageing 
curves were obtained. The metallographic examination of 
quench-aged specimens indicated that a two-stage precipita- 
tion reaction occurred. The study suggests that a low- 
temperature post-heat at about 650° F. would lead to rapid 
recovery of ductility, by over-ageing, in the sub-critically 
embrittled zone previously found in ship-plate welds.—v. &. 

The Effect of Pearlite Spacing on Transition Temperature 
of Steel at Four Carbon Levels. J. A. Rinebolt. (Amer. Soc. 
Metals, 35th Annual Convention, 1953, Preprint No. 18). The 
effect of pearlite spacing on Charpy V-notch transition 
temperature for 0:01, 0:20, 0:40% carbon and eutectoid 
steels was determined. The pearlite spacing was varied from 
coarse to fine, using lead bath temperatures from 480 to 
675° C. In the 0-20 and 0-40% carbon steels the transition 
temperature was lowered as the pearlite spacing was changed 
from coarse to fine. In the eutectoid steels there was no 
significant change in the average energy transition tempera- 
ture with pearlite spacing; however, if the 20 ft.-lb. level was 
used as the criterion, the transition temperature was lowered 
as the pearlite spacing became finer. There was no significant 
change in transition temperature in the 0-01°% carbon steel 
as the lead bath temperature was varied from 480 to 675° C. 

Connections between the Structure and the Static or Dynamic 
Behaviour of Grey Cast Iron. A. Collaud. (Giesserei, Technisch- 
Wissenschaftliche Beihefte, 1952, Sept., 419-425). The rigidity 
and ductility of the materials to be stressed are first considered 
and the concept of impact ductility introduced. The elastic 
and plastic deformation that takes place during impact 
experiments leads to a consideration of the dynamic testing 
of grey cast iron. The relation between impact ductility and 
other properties such as tensile strength, bend strength, 
elastic modulus, and Brinell hardness, are discussed and the 
results illustrated graphically. The effect of chemical composi- 
tion on the impact ductility is also considered.—k. J. w. 

Scale Effects in Notch Brittleness. Y. Akita. (Welding J., 
1953, 82, Sept., 475s—480s), A study was made of the scale 
effects in notch brittleness of mild steel specimens having 
geometrically similar shape. The transition temperatures of 
the medium and large specimens were nearly equal and that 
of small specimens relatively low. The maximum breaking 
stress decreased with increase in size of specimens, but the 
yield stress was nearly constant.—v. E. 

The Brittle Fracture of Metals. E. O. Hall. (J. Mech. 
Phys. Solids, 1953, 1, July, 227-233). A study was made 
of the theory of the brittle fracture of metals where plastic 
deformation occurs during the cleavage process. The magni- 
tude of plastic work was investigated by X-rays, on single 
and polycrystalline cleavage faces. The depth of the plastic 
zone in single crystals with varying crack velocity was also 
examined. The plastic work necessary to produce a particular 
length of crack is greater for polycrystalline material than 
for a single crystal, and is related to the microstructure on 
the cleavage surface.—J. G. w. 

Wedge Indentation Experiments with Cold-Worked Metals. 
D. S. Dugdale. (J. Mech. Phys. Solids, 1953, 2, Oct., 14-26). 
Fair agreement was found between the yield stresses deduced 
from indentation tests and the results of tensile tests.—J. G. w. 

The Laws Governing the Plastic Deformation of Metals 
Under a State of Polyaxial Stressing. I. Theoretical Principles. 
W. Sautter, A. Kochendérfer, and U. Dehlinger. (Z. Metall- 
kunde, 1953, 44, Oct., 442-449). Mathematical theories of 
plasticity are discussed. The deformation theory is compared 
with the theory of flow, and experimental results are examined 
in the light of both theories. It is shown that simultaneous 
tensile and torsion tests make it possible to decide between 
the various theories of plasticity.—.. D. H. 

The Physics of Permanent Deformations. W. Spath. 
(Metall, 1953, 7, Sept., 679-683). The author applies the 
concept of thermo-electricity to plastic deformation, shows 
how thermo-electric effects contribute to the spreading and 
cancellation of dislocations, attempts to explain damping in 
terms of thermo-electric effects, and shows how phenomena 
of fatigue and fracture may be interpreted on the assumptiom 
of local high temperature peaks.—J. G. w. 
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The Concept of Workhardening. W. Spath. (Metall, 1953, 
7, Oct., 772-778). A novel approach to the problem of work- 
hardening is proposed, based on the idea that real metals 
soften during plastic deformation as compared with an ideal 
elastic body, rather than that they harden as compared with 
an ideal plastic body. This concept is elaborated by means 
of mechanical models and examined in terms of modern 
dislocation theory.—J. G. w. 

The Study of Mechanical Parts by Brittle Lacquers. A. Even. 
(Peintures, Pigments, Vernis, 1953, 29, Sept., 710-718). The 
strains set up in machine parts under simple stresses may 
be studied by the application of a brittle lacquer of which 
there are two main types, molten and dissolved. The former 
only indicates the direction of strain but the latter enables 
both magnitude and direction to be determined. Methods of 
employing these lacquers are discussed.—a. G. 


A New Method for Determining the Yield Criterion and 
Plastic Potential of Ductile Metals. R. Hill. (J. Mech. Phys. 
Solids, 1953, 1, July, 271-276). It is shown that tensile tests 
on obliquely notched or grooved strips may yield data for 
determining the yield criterion and plastic potential of ductile 
metals. The merits of the suggested method are discussed. 


The Combined Bending and Twisting of Thin Cylinders in 
the Plastic Range. M. P. L. Siebel. (J. Mech. Phys. Solids, 
1953, 1, Apr., 189-206). This is an account of an investigation 
which was to test the validity of the Reuss stress-strain 
relations under conditions of comparable elastic and plastic 
strain increments and of non-uniform distribution of stresses 
and strains. The material was 0-22% C rolled steel bar. 
Good agreement between theory and experiment, except for 
minor discrepancies of known origin, was obtained.—s. G. w. 


Flaws Occurring in the Treads of Railway Wagon and 
Locomotive Wheels. W. Hachewski and J. Goczal. (Prace 
Instytutow Ministerstwa Hutnictwa, 1953, 5, (4), 173-198). 
{In Polish]. Flaws in the form of surface cracks parallel and 
perpendicular to the wheel axis have been observed in the 
treads of railway wagon wheels. The influence of heat- 
treatment and hydrogen content of the steel on the formation 
of these cracks was examined. The following recommenda- 
tions are made after investigations: (1) Heats for the produc- 
tion of railway wheel tyres should be correctly deoxidized. 
(2) Tyres should be made from large ingots of appropriate 
cross-sectional area, forged first perpendicular, then parallel 
to, the axis, and then rolled. (3) After rolling, the tyres should 
be slowly cooled in the temperature range 500—100° C. (in the 
furnace). (4) The heat-treatment should be (a) heat for 
hardening to 820° C. then cool slowly to about 30° C. above 
Ac,; (b) hold at that temperature to ensure even temperature 
through the whole cross-section; (c) quench the tyre for 2 to 
3 min. in water at 35-50° C.; (d) transfer of the tyre quickly 
from quenching bath into annealing furnace, the temperature 
of which should not be lower than 300°C.; (e) anneal at 
600-650° C. for 2 hr. and then cool in air.—-v. «. 


Concerning the Failure of a Funicular Cable. (Usine Nouw- 
velle, 1953, 9, Oct. 1, 55). Details of the failure of a cable near 
Lausanne are given. Examination suggests that although 
properly greased before use, the cable became degreased at 
one place during service. Corrosion here is attributed to 
contact with the sisal covering which, during transport from 
overseas, became contaminated with salt water.—a.a. 


Friction and Wear Tests of Steel Sheet for Conveyor Chutes. 
K. Wellinger and H. Uetz. (Z.V.d.I., 1953, 95, Sept. 11, 
906-910). Tests are reported in which the performances of 
various steels in the annealed and hardened state are com- 
pared with respect to friction and wear, when in contact 
with abrasive materials such as quartz sand, limestone, and 
glass. Three kinds of friction test and a wear test were 
employed. The results showed that both friction and wear 
are less with the hard steel, and that wear increases with the 
hardness of the abrasive material, the sliding speed, and 
the particle size.—J. a. w. 


Radio-Active Testing of Wear in Tool Steels. B. Colding 
and L. G. Erwall. (Tekn. Tidskr., 1953, 88, Nov. 17, 881-886). 
[In Swedish]. After briefly reviewing conventional methods 
of testing wear and temperature in cutting tools, the author 
stresses the greater accuracy when using radioactive tracers. 
Details are given of Merchant’s method for rapidly measur- 
ing tool wear under the influence of different cutting oils. 
Results are given of similar Swedish tests using tungsten,,,. 
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Improving Fatigue Life. M. K. Gerla. (Mcchine Design, 
1953, 25, Jan., 171-173). Fatigue tests carried out on roller 
chain link plates are described and the effect of several 
methods of inducing beneficial residual stresses are compared, 
The methods considered are shot-peening, bushing, pre. 
stressing, drifting, embossing, and the inducement of a com. 
pressive band adjacent to the hole.—4s. R. P. 

Statistical Nature of Fatigue. E. Epremian and R. F. Mehl, 
(Machine Design, 1953, 25, Jan., 276-283). A summary is 
made of the N.A.C.A. Technical Note 2719 (June 1952), 
‘“* Investigation of the Statistical Nature of Fatigue Proper. 
ties.” General conclusions on the factors affecting the dis. 
persion in fatigue life are given.—1s. R. P. 

Contribution to the Knowledge of Processes in the Fatigue 
of Metals. M. Hempel and E. Houdremont. (Stahl u. Lisen, 
1953, 78, Nov. 5, 1503-1511). The methods for assessing 
processes occurring during repeated stressing of metals are 
reviewed. The behaviour of mild steel during fatigue testing 
has been investigated by some mechanical procedures but 
more especially by metallographic and X-ray methods, 
Microscopic observations on cold worked and alternately 
stressed mild steel indicate that structural changes (precipita- 
tion and twin formation) occur during the alternating loading. 
Tests on the heat developed during the alternations and the 
effect of testing temperature and structural changes show the 
occurrence of local flow processes, which are bound up with 
irreversible atomic site interchanges, and which are to be 
regarded as the preliminary stage in the rupture of the 
material or of crack formation. The progress of such a crack 
is essentially an external process and depends on stress raising 
by notch action at the root of the crack as well as on a steadily 
increasing reduction of the load-carrying cross section.—J. P. 

Rotating Bending Tests on Specimens of Medium Size. P. 
Coron. (Rev. Mét., 1953, 50, Nov., 761-767). A description 
is given of a machine constructed at St. Chamond for carrying 
out rotating bending tests on specimens of transverse dimen- 
sions of the order of 30 to 100 mm. The specimen is held in 
two chucks and the rotating system is deflected vertically by 
weights and loaded springs. Using this machine, forged and 
machined crankshafts may be compared and the effect of 
a metallic coating on the behaviour in service of axles has 
been investigated.—a. G. 

Electromechanical Machine for the Fatigue-Testing of 
Specimens in Bending. S%S. I. Smolenskii, A. A. Polezhaev, 
and L. I. Karneev. (Zavodskaya Laboratoriya, 1950, 16, (10), 
1272-1275. [In Russian]. The advantages of using electro- 
magnetic instead of mechanical forces in fatigue-testing 
machines are enumerated and an electro-mechanical machine 
is described. In this the interaction of the rotating magnetic 
field of a stator, supplied with alternating three-phase current, 
and the constant field of an armature, are used to produce 
variable-sign loading of the specimen. Best results were 
obtained when the natural vibration frequency of the specimen 
was less than the current frequency. Prolonged fatigue tests 
were carried out on cylindrical and flat specimens of various 
steels, the curves obtained being similar to those obtained 
with mechanical loading.—s. K. 

Fatigue Tests on Steels Softened by Cold Straining. L. 
Matteoli and B. Andreini. (Metal. Ital., 1953, 45, Sept., 328- 
337). The authors show how heat-treated steels, particularly 
when tempered at low temperatures, suffer a noticeable 
decrease in hardness if submitted to even slight deformation. 
This loss of original hardness may, however, be regained by 
further tempering. Fatigue properties may also undergo 
noticeable reduction with cold deformation but subsequent 
tempering may not always restore the original fatigue 
characteristics and in some cases the steel may undergo 
further degradation. The authors put forward a theory to 
explain this phenomenon and discuss the practical aspects 
of the problem. (11 references).—mM. D. J. B. 

The Effect of Inclusions on the Fatigue Strength of SAE 4340 
Steels. J. T. Ransom. (Amer. Soc. Metals, 35th Annual Con- 
vention, Preprint No. 12, 1953). In forgings made from two 
commercial heats of Ni-Cr—Mo steel, fatigue cracks initiated 
at elongated non-metallic inclusions, both in bending fatigue 
specimens taken transverse to the forging direction and in 
torsion fatigue specimens taken in any direction. The bending 
fatigue limit obtained with the transverse specimens was 
considerably lower than that obtained with longitudinal 
specimens. A forging of similar composition made from a heat 
of vacuum-melted steel was essentially inclusion-free, the few 
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present being extremely small and spherical. The bending 
fatigue limit obtained with transverse specimens from this 
forging was 50% higher than that obtained from the com- 
mercial steel forgings, and approached the bending fatigue 
limit obtained with longitudinal specimens. It is concluded 
that non-metallic inclusions are a major source of fatigne 
weakness in many forgings and that research aimed at 
eliminating inclusions or reducing their effects is justified. 
Low-Load Hardness Tester. K. Walz. (Draht, English Ed., 
1953, Sept., 48-50). Several types of hardness tester with 
loads in the range 1-10,000 g. are described, including the 
German Finotest, Kentron, and Durimet machines.—J. G. w. 


Correlation between Brinell Hardness and Microstructure of 
Common Cast Irons Containing Lamellar Graphite. W. 
Grundig. (Bol. Assoc. Brasil. Met., 1953, 9, Apr., 169-188). 
[In Portuguese]. The influence of graphite and of the matrix 
on the Brinell hardness of the cast irons containing lamellar 
pearlite was studied. The Brinell hardness, being an inde- 
pendent variable, was expressed as a function of the grain 
size of the plates of graphite, the amount of graphite, the 
degree of saturation, and the combined carbon content.—R. s. 

Conversion Table for Hardness Numbers. T. Kitice and E. 
Luiz Dantas de Carvalho. (Bol. Assoc. Brasil. Met., 1953, 9, 
Apr., 189-190). [In Portuguese]. A table is presented giving 
conversions for hardness numbers covering all the different 
testing methods and including all types of the Rockwell 
test.—R. S. 

Analysis of Hardenability under Marquenching Conditions. 
C. M. Carman, D. F. Armiento, and H. Markus. (Amer. Soc. 
Met. Preprint No. Tw, 1953). A Jominy-type hardenability 
test using molten salt at 205° C. as a quenching medium has 
been developed and the hardenability of eleven commercial 
heat-treatable steels has been determined by this test. The 
hardenabilities of these steels as determined by this test and 
the standard Jominy test have been compared. The lack of 
hardness correlation between the water and salt-quenched 
Jominy specimens is discussed.—J. c. B. 

Thermal Reproducibility of the End-Quench Test. J. Birtalan, 
R. G. Henley, jun., and A. L. Christenson. (Amer. Soc. Met. 
Preprint No. 6w, 1953). The factors of water pressure, water 
temperature, scale, transfer time from furnace to quenching 
fixture, that influence the thermal reproducibility of the 
Jominy end-quench test were investigated. The cooling 
curves at several end-quench positions during more than 100 
individual quench tests were studied. The general conclusion 
is that the end-quench test has excellent reproducibility. 


Precipitation Hardening in Austenitic Chromium-Nickel 
Steels containing High Carbon and Phosphorus. A. G. Allten, 
J. G. Y. Chow, and A. Simon. (Amer. Soc. Met. Preprint 
No. 10w, 1953). Evidence that high hardnesses could be 
produced by precipitation in high-carbon steel, and in high- 
carbon, high-phosphorus, austenitic Cr—Ni steels led to further 
investigation by means of hardness, X-ray diffraction, 
electrical resistivity, and metallographic methods. A series 
of 21%-Cr, 12%-Ni steels containing 0-3-0-7% carbon was 
studied. It was found that a Rockwell C40 hardness could be 
obtained when a 0:5%-C 0:03%-P steel was solution-treated 
at 1230° C. and aged at 705°C. The addition of 0-5% P to 
such a steel made it possible to use a lower solution tempera- 
ture (1175° C.) to get even Rockwell C46. This increase in 
phosphorus increased the rates of precipitation, precipitation 
hardening, and overageing. Plastic deformation, as evidenced 
by slip lines, occurred upon quenching the above steels from 
solution treatment. The only precipitate detected in all the 
steels was a carbide having the structure Cr,,C, and a lattice 
parameter of 10-60 A. Since no phosphorus compound was 
precipitated an alternative mechanism, based on the assump- 
tion of an increase in the strain energy in the austenitic 
lattice by interstitially dissolved phosphorus, was postulated. 


Production of Pure and Deliberately Contaminated Iron and 
Investigations on these Metals. J. D. Fast. (Stahl u. Eisen, 
1953, 78, Nov. 5, 1484-1495). The author reviews the work, 
carried out mainly at N.V. Phillips-gloeilampenfabrieken, 
Eindhoven, on iron, pure or with controlled additions. The 
iron is prepared by melting carbonyl iron in an alumina or 
magnesia crucible in a high-frequency furnace, oxidizing the 
carbon by addition of oxygen, removing nitrogen and excess 
oxygen by treatment with hydrogen, and then evacuating 
the system to a very low pressure. Controlled amounts of 
carbon are then added, when required, in the form of graphite 
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granules. Oxygen is added by bleeding into the vacuum system 
the correct amount of oxygen gas; nitrogen is controlled by 
maintaining the necessary equilibrium partial pressure. 
Investigations on ageing and related phenomena have been 
carried out on alloys prepared in this way and containing 
up to 0-04% C, 0-:02% N,, and 00-03% O,. Oxygen causes 
neither quench-ageing nor strain-ageing. Carbon and nitrogen 
are equivalent in producing quench-ageing in otherwise pure 
iron. On the contrary, these elements are not equivalent in 
their effects on strain-ageing and blue brittleness; nitrogen 
is the principal cause here. When 0-5°, Mn is added, carbon 
and nitrogen are no longer equal in causing quench-ageing, 
since nitride precipitation is inhibited to a large extent by the 
manganese. These investigations throw new light on the 
magnetic ageing of mild steel. It has also been shown that 
oxygen leads to grain boundary brittleness but that even 
traces of carbon suffice to reduce this deleterious effect of 
oxygen. The atomistic basis of these effects is discussed. On 
the assumption that, in the solution of carbon and nitrogen 
in iron, the strain energy plays a more important part than 
does ‘ chemical] ’ energy, it is possible to recognize the con- 
nection between many phenomena which, superficially, have 
little relation to each other. These are: The greater solubility 
of carbon and nitrogen in y-iron compared with a-iron, the 
greater solubility of nitrogen in both phases compared with 
carbon, the presence of dissolved carbon and nitrogen atoms 
in octahedral interstices in both phases, Snoek damping, 
martensite formation, the occurrence of an upper and a lower 
yield point in mild steel, strain ageing, the lower solubility 
of carbon and nitrogen in silicon iron as compared with pure 
iron, and the preference of carbon and nitrogen for grain 
boundaries in iron.—J. P. 

High Speed Strain Measurements. G. R. Irwin. (Amer. 
Soc. Met. Seminar on Modern Research Techniques in Physical 
Metallurgy, 34th National Metal Congress, Oct. 1952, 205-224). 
A survey is made of recent work on rapid single pulse stressing 
of metals into the plastic range, carried out under controlled 
conditions such that measurements closely related to funda- 
mental material properties can be attempted. The investiga- 
tions include rapid torsion (aircraft materials), rapid tension 
application through pressure unbalance, developments of the 
Hopkinson pressure bar technique, microstrain measurement 
(steel), delayed yielding (various materials), high-frequency 
fluctuations of local stress, temperature effects (iron and steel), 
and plastic strain propagation. (18 references).—k. E. J. 

The Metallurgical Use of Anelasticity. ©. Wert. (Amer. 
Soc. Met. Seminar on Modern Research Techniques in Physical 
Metallurgy, 34th National Metal Congress, Oct. 1952, 225-250). 
Present techniques for measurement of anelastic behaviour 
include the torsional pendulum, electromagnetic drive, quartz 
crystal drive for damping, and a modification of the torsional 
pendulum for elastic after-effects. A critical survey is given 
of the application of anelastic techniques to metallurgical 
problems.—k. E. J. 

Radioactive Tracers in Metallurgical Research. M. B. 
Bever. (Amer. Soc. Met. Seminar on Modern Research Tech- 
niques in Physical Metallurgy, 34th National Metal Congress, 
Oct. 1952, 278-311). A general survey is given of radioactive 
techniques and applications. In metallurgy, many techniques 
have been used : they do not lend themselves to standardiza- 
tion, and hence their adoption has not been rapid. Their 
advantages are based on sensitivity, ability to differentiate 
between atoms, accurate location, non-destructive nature, 
and speed. Successful applications include structural investi- 
gations, diffusion measurements, study of surface phenomena, 
analytical problems, vapour pressure determination and thick- 
ness measurement. (157 references).—kK. E. J. 


Effect of Chemical Composition on Susceptibility of Steels 
to Temper Brittleness. R. Hultgren and J. C. Chang. (Amer. 
Soc. Metals, 35th Annual Convention, Preprint No. 26, 1953). 
The effect of chemical composition on susceptibility to temper 
embrittlement was studied by using high purity synthetic 
alloys melted under helium. Samples were heat-treated by 
quenching from the austenite region and tempering for 1 hr. 
at 600° C. After tempering, one pair of samples was removed 
from the furnace and quenched, while the other was allowed 
to cool slowly. The two were then tested for impact strength 
at the same temperature. If the slowly cooled specimen had 
the lower impact strength, this was accepted as evidence of 
susceptibility to temper embrittlement. A Cr—Ni-Mn steel 
was found to be very susceptible to embrittlement, not 
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because of impurities but because of the principal elements, 
each of which contributed to the susceptibility. The influence 
of each constituent was determined.—4. o. L. 

Strain Aging Behavior of Rheotropically Embrittled Steel. 
(Amer. Soc. Metals, 35th Annual Convention, Preprint No. 35, 
1953). The rheotropic recovery produced in a steel, heat- 
treated to a high hardness level, is shown to persist through 
a second tempering (or ageing) treatment up to temperatures 
at least as high as the initial tempering temperature. The 
rate at which the ductility of rheotropically recovered metal 
is lost at low ageing temperatures and recovered again at 
higher temperatures, is far in excess of that found in the same 
metal under conditions in which the recovery is not necessary. 

Thermal Fatigue and Shock. (Usine Nowvelle, 1953, 9, 
Oct. 8, 53). Thermal fatigue (failure after a large number 
of thermal variations) and thermal shock (failure produced 
by one or a few violent temperature changes) are both due 
to internal stresses which lead to the formation and propaga- 
tion of fissures. Factors influencing these types of failure 
are outlined, including shepe of part, speed of temperature 
change, allotropic transformations, and the heterogeneity of 
joints. The tendency of welds to thermal failure is stressed 
and weld metal compositions are recommended for different 
steels. Thermal tests for the comparison of different parts 
are described and examples of their use given.—a. G. 

Magnetic Measurements in Metallurgy. W. Jellinghaus. 
(Metall, 1953, '7, Sept., 669-679). Following a survey of ferro- 
magnetic properties and their dependence on composition 
and crystal structure, the author surveys the use of magnetic 
measurements in metallurgical studies notably for the deter- 
mination of equilibrium diagrams and transformation veloci- 
ties, in thermomagnetic investigation of precipitation harden- 
ing, and in studies of deformation textures. Possible applica- 
tions to para- and diamagnetic materials are indicated. The 
survey is concluded by descriptions of apparatus and tech- 
niques.—-J. G. W. 

Steels for Permanent Magnets. J. C. Williamson. (Elect. 
Rev., 1953, 158, Nov. 13, 1101-1105). A description is given 
of the method of manufacture and the properties of quench 
hardening and precipitation hardening magnet steels. The 
special properties and advantages of the newer alloys are 
indicated, and the compositions and magnetic properties of 
the principal types of steel used are given.—t. D. H. 

Magnets and Magnetism—Recent Developments. W. 
Sucksmith. (Brit. J. App. Phys., 1953, 4, Sept., 257-262). 
The state of knowledge in the field of ferromagnetism at the 
beginning of the century is indicated and subsequent advances 
discussed, particularly in the direction of explaining ‘ hard ’ 
and ‘soft’ ferromagnetics. The promising future of ferro- 
magnetic oxides is briefly considered.—J. 0. L. 

The Influence of Mechanical Stresses in the Magneto- 
Inductive Testing of Steel Tubes for Defects. K. Matthaes. 
(Z. Metallkunde, 1953, 44, Oct., 473-474). In using magneto- 
inductive methods of testing for defects, the induced potential 
difference between two adjacent positions is measured. It 
was found that the small peak in the potential difference curve 
was masked unless measuring instruments free from inertia 
were employed.—t. D. H. 

The Permalloy Problem. R. M. Bozorth. (Rev. Modern 
Phys., 1953, 25, Jan., 42-48). For investigation of the 
unusual properties of Fe—Ni alloys, single crystals containing 
35-100°, of nickel were prepared and examined. The mag- 
netic phenomena are explained in terms of crystal anisotropy 
and magnetostriction, and their change with heat-treatment. 
(18 references).—k. E. J. 

Heat Effects in the Magnetization of Silicon Iron. L. F. 
Bates and G. Marshall. (Rev. Modern Phys., 1953, 25, Jan., 
17-33). A description is given of the method used for sensitive 
measurement of the thermal changes accompanying the step- 
by-step magnetization of 0-5% and 4% silicon-iron specimens. 
The results are analysed in the light of current domain theory, 
and are related to Kittel’s theory of flux closure. (18 refer- 
ences).—K. E. J. 

Loss of Energy by Magnetic Hysteresis in Silicon Steels. 
V. Sanchez-Giron Nujiez. (Inst. Hierro Acero, 1953, 6, Apr.- 
June, 117-132; July-Sept., 215-229). [In Spanish]. The 
literature on hysteresis loss in silicon steels is surveyed and 
the effect of superimposing a longitudinal constant magnetic 
field is dealt with, and a new method of determining hysteresis 
loss is described. (38 references).—R. A. R. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


ABSTRACTS 


Testing of Complex Components with Ultrasonics. 


EK. Mar. 
tin and K. Werner. (Arch. Hisenhtittenwesen, 1953, 24, 
Sept.-Oct., 411-422). Defects can be found in components 
such as axles of goods wagons, tenders and electric locomotives, 
railway bearings, and railway lines by ultrasonic testing, 
For detecting cracks in locomotive axles, the oblique impulse 
echo method is particularly suitable. In goods wagon axles, 
cracks running at an angle to the longitudinal axis can be dis. 
tinguished from those which start from corrosion pits. Tests 
on bearings, showed in all cases that the region of defective 
bonding found by ultrasonics agreed with the place where the 
bronze layer was detachable. The size and position of cracks 
and rolled-out blow-holes in rails can be detected by vertical 
irradiation, but defects at right angles to the longitudinal 
axis can be found only by oblique irradiation. The impulse 
echo method is too dear for an acceptance test for all rails, 
but it is justified for testing particularly critical areas.—,. p, 

Ultrasonic Methods of Inspection. M. H. Baddeley. (Inst. 
Brit. Foundrymen : Found. Trade J., 1953, 95, Aug. 27, 261- 
264). The history and principle of ultrasonic flaw detection are 
briefly reviewed and the Kelvin-Hughes instrument is de- 
scribed in detail. The effect of frequency and probe design is 
considered and the application of the method to the examina- 
tion of roll castings is discussed, together with the difficulties 
that are sometimes encountered with spurious echoes.—B. c. w. 


The Work of the A.I.D. Test House and Techniques for Main- 
taining Production Quality. W. N. Blacklock. (J. Jnst, 
Prod. Eng., 1953, 32, June, 256-270, 281). A description is 
given of the activities of the Aeronautical Inspection Direc. 
torate of the Air Ministry. The Directorate insures that equip- 
ment and supplies ordered, or services performed, are in con- 
formity with stipulated requirements. A variety of metal- 
lurgical tests (including mechanical, creep, X-ray diffraction, 
radiological, and non-destructive) are carried out and _ the 
equipment used is described.—n. G. B. 

Non-Destructive Methods of Control. H. Godfroid. (Usine 
Nouvelle, 1953, 9, Spring Issue, 123-127). These control 
methods include testing at stresses slightly above those to be 
encountered in service, and inspection. Magnetoscopic 
examination, in which the part is studied while surrounded 
by a suspension of iron oxide in oil in a magnetic field is recom- 
mended as a cheap and rapid method for surface flaw detec- 
tion.—a. G. 

The Industrial Applications of Radioactive Materials. Sir 
John Cockcroft. (J. Inst. Prod. Eng., 1953, 32, Aug., 342- 
353). Among a number of applications of radioactive ma- 
terials which are described are the determination of strip, tube, 
and plating thickness, and the determination of fine cracks 
in aircraft propellers.—s. G. B. 

Non-Destructive Material Testing for Large Castings. P. 
Gayer. (Giesserei, 1953, 40, Oct. 1, 543-546). Methods of 
non-destructive testing are described. The choice of method 
depends on the casting being examined and on economic con- 
siderations. The use of a suspension of chalk in oil for testing 
for cracks in castings and the megnetic powder method are 
described. For testing boilers, strain gauges or the water 
pressure test may be used. X-ray methods are briefly con- 
sidered for testing for blow-holes and cracks.—Rr. J. w. 

Magnetic Flaw Detection. C. J. Richards. (Elect. Rev., 
1953, 158, Oct. 2, 742-747). The principle and construction 
of a magnetic flaw detector are described, and its application 
to the examination of valve stems and the butt straps of 
boiler drums is outlined.—t. D. H. 

Heat and Corrosion Resistant Materials. (Steel, 1953, 188, 
Oct. 12, 173-179). Possible materials for use in modern 
high-temperature applications are surveyed. Research is 
directed towards new refractory alloy systems and metal- 
bonded refractory compounds (cermets). —D.L. C. P. 

Behaviour of Steel at Elevated Temperatures. A. Krisch. 
(Stahl u. Eisen, 1953, 78, Oct. 8, 1349-1355 ; Nov. 19, 1607- 
1612; Dec. 3, 1668-1671). The literature is critically re- 
viewed. (82 references). 

Effect of Notching on the Strength, over a Long Period, of 
Steel at Elevated Temperatures. M. I. Kurmanov and R. 3. 
Kaplan. (Zavodskaya Laboratoriya, 1950, 16, (8), 975-979). 
[In Russian]. Prolonged (up to 2000 hr.) tensile tests were 
carried out at 500° and 550° C. on smooth and notched speci- 
mens of two medium-carbon low-nickel steels, and curves 
showing the dependence of initial stress and of necking on 
time to fracture are presented. The properties of the two 
steels are compared and considered in terms of intra- and 
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inter-granular conditions. The results indicate that nickel 
does not lead to brittleness at high temperatures.—-s. kK. 

Study of the Process of Graphitization of Steel by Carbide 
Analysis. P. Ya. Gruzdov. (Liteinoe Proizvodstvo, 1953, (4), 
12-15). [In Russian]. Graphitization was investigated in 
four steels with carbon ranging from 0-69 to 1-36%. Iron, 
manganese, and silicon in the carbide residues as well as total, 
combined, and graphite carbon were determined after speci- 
mens had been annealed at 400, 500, 600, 700, 800, 900 and 
950° C. for 1, 10, and 50 hr. The silicon content of the car- 
bide phase was found to be negligible, and the manganese was 
distributed equally between the carbides and the «-solid 
solution. During the hot working of steel by pressure, 
graphization is most likely to occur during slow heating or 
cooling, especially in the A, temperature zone. Deoxidation 
with aluminium promotes graphitization.—s. k. 

Congress on Heat Resisting Materials. (Association pour 
V’Encouragement a la Recherche Aéronautique, 1953). This 
398-page publication records the proceedings of the Congress 
organised by the above association, held in 1951, to bring 
together those interested in the development of heat-resisting 
materials for gas turbines and aircraft, and to exchange infor- 
mation. The papers are arranged in groups under the head- 
ings : Introduction ; Creep ; Furnaces and Measuring Instru- 
ments ; Light and Ultra-Light Alloys ; Austenitic and Mar- 
tensitic Refractory Alloys and Heat-Resisting Steels ; 
Super-Refractory Metals and Cermets ; Carbides, Graphites, 
and Ceramics ; Organic-Metallic Agglomerates. Several of 
the papers have already been abstracted from Metaux- 
Corrosion—Industries ; abstracts of the remainder follow : 


The Problem of Heat-Resistant Alloys in Automobile 
Construction. H. Godfroid. (7-8). The present use of 
heat-resistant alloys in automobile engines is discussed and 
the problems associated with the application of the gas- 
turbine are pointed out.—A. D. H. 

Problems Raised by the Application of Refractory Ma- 
terials as Parts of Jet Engines. De R. Fleury. (9-12). 
The service conditions of the various parts of jet-engines 
and their necessary properties are analysed.—a. D. H. 

Refractory Materials in the Construction of Jet Engines. 
Y. Letort. (13-18). The properties of refractory metals, 
oxides, silicates, and spinels are briefly discussed.—a. D. H. 

Methods of Measuring the Thermal Conductivity of Solids. 
P. Vernotte. (47-48). Brief details are given of two 
methods developed by the author for measuring the thermal 
conductivity of good conductors and insulators respectively. 

The Influence of the Molecular Mass of Solid Walls on 
Heat Exchange with Gases. E. Sanger. (49-50). 

Thoughts on Creep. A. Fotiadi. (55-60). Although 
mechanical properties of creep-resisting alloys are generally 
measured on static tests, alternating stresses occur in ser- 
vice. The author suggests that it is the behaviour of 
materials under these often irregularly superimposed 
stresses that is of great importance.—a. D. H. 

Three High-Temperature Laboratory Furnaces. R. L. 
Bickerdike. (101-107). Details of the construction and 
operation of an are furnace, a tungsten resistance furnace, 
and a horizontal H.F. induction furnace for the pre- 
paration of small amounts of refractory metals are given. 

An Apparatus to Measure Resistance to Deformation 
under Load at High Temperature (up to 1800°C.). J. 
Culmann. (109-110). A graphite tube resistance furnace 
capable of operating in an oxidizing atmosphere is discribed. 
The contraction of the specimen is measured under a 
constant load.—a. D. H. 

Three Ways of Progress for Heat-Resisting Alloys. L. 
Colombier. (187-192). The author suggests that im- 
proved creep-resistant alloys will be produced by studying 
the following factors : Submicroscopie or microscopic pre- 
cipitation, cold working, and precision casting of metals 
impossible to hot work. Examples of each type are 
given.—A. D. H. 

Methods Available for the Development of Creep Resistant 
Alloys. A. Gueussier. (193-200). Creep testing is dis- 
cussed and an example is given of an improvement in pro- 
perties obtained in 18% Cr, 10% Ni steels by small altera- 
tions in composition. The use of hardness testing to 
supplement creep tests is shown.—A. D. H. 

A Survey of the Technology of Valves for Aircraft, Auto- 
mobile and Diesel Engines. A. Balleret. (201-213). A 
review is given of the operating conditions of valves and of 
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the metallurgy of austenitic and martensitic valve steels. 

Developments such as the sodium-cooled hollow valve stem, 

nitriding, hard chroming plating, and the use of Stellite 

are discussed.—A. D. H. 

Standard Piping for High Temperatures. T. J. Hedback. 
(Tekn. Tidskr., 1953, 88, Sept. 15, 665-669). [In Swedish]. 
Rapid increases in boiler pressures and temperatures have 
made existing Swedish standards for steel tubing out of date 
and they are now being revised. The interim method out- 
lined permits the selection and sizing of tube steels for tem- 
peratures above 300° C.—c. G. K. 

Observations of the Creep Behaviour of Zirconium Steels at 
500°C. W. A. Fischer. (Arch. Eisenhiittenwesen, 1953, 24, 
Sept.-Oct., 397-400). Zirconium steels with a Zr/C ratio< 
7:6 show, after quenching from 1000° or 1200° C. and anneal- 
ing 1 hr. at 600°C., in contrast with steels with carbide 
formers like molybdenum, titanium, and niobium, a relatively 
small DVM creep limit at 500° C. ; it amounts to only 12-15 
kg./sq. mm. Zirconium steels with a Zr/C ratio >7-6 have, 
on the contrary, a creep limit of up to 30 kg./sq. mm. This 
marked increase is attributed to a critical precipitation of the 
compound Fe,Zr,. <A similarly effective precipitation of ZrC 
in steels with Zr/C ratio <7-6 is not possible because the 
solubility of ZrC in y-iron appears to be very small. Steels 
with a ratio >7-6 exhibit stepped time-extension curves in 
creep tests, the rate of extension being increased during the 
steps. These steps are probably caused by local precipitation 
of the Fe,Zr, during the creep tests.—s. P. 

Materials at Low Temperatures. (Steel, 1953, 188, Oct. 12, 
247-305). Modern knowledge and research on the properties 
of metals at low temperatures is reviewed. Specification of 
steel plate for this service is referred to.—D. L. ¢. P. 

Some Low Temperature Properties of Titanium Alloy 
RC-130-B and Stainless Steel. \W. W. Tyler. L, B. Nesbitt, 
and A. C. Wilson, jun. (Trans. Amer. Inst. Min. Met. Eng., 
1953, 197 ; J. Met., 1953, 5, Sept., 1104-1105). The interest 
in strong, non-magnetic, commercially available alloys of low 
thermal conductivity for use in low-temperature experiments 
has led the authors to study low-temperature properties of a 
titanium alloy RC—130-B and 18/8 stainless steel. The pro- 
perties considered are thermal conductivity, impact strength, 
electrical resistivity, and thermoelectric power.—c. F. 

Behavior of Single Crystals and of Pure Metals. R. M. 
Brick. * (Amer. Soc. Met. Lectures on Behavior of Metals at 
Low Temperatures, 34th National Metal Congress, Oct., 1952, 
1-38). This paper is concerned with the properties of pure 
iron and non-ferrous metals at low temperatures, in particular 
the yield and flow stresses, fracture stress, ductility, and 
notch sensitivity. Experimental observations are noted and 
theories discussed. In general, the focus is on differences 
between metals which remain ductile at low temperatures, and 
those which become brittle. Some new data on the critical 
resolved shear stress for ingot iron single crystals are repro- 
duced. The low-temperature brittleness of relatively pure 
irons is considerably affected by traces of strong deoxidisers 
and by grain size. Ferrite grain boundaries are probably 
powerful factors affecting low temperature brittleness (30 
references).—D. L. C. P. 

The Influence of Mechanical Variables. J. R. Low, jun. 
(Amer. Soc. Met. Lectures on Behavior of Metals at Low Tem- 
peratures, 34th National Metal Congress, Oct., 1952, 39-70). 
The effect of stress state, rate of loading, size, and repeated 
stresses on strength and ductility at low temperatures is dis- 
cussed. For comparison, the effects at room temperature are 
first briefly reviewed. At low temperatures the face-centred 
cubic metals break by shear as at normal temperatures, and 
the effects of mechanical variables are qualitatively similar to 
those at ordinary temperatures. The metals with non-face- 
centred cubic lattices which change to fracture by cleavage at 
low temperature, frequently exhibit a discontinuous and 
drastic decrease in ductility in a narrow temperature range 
as the temperature is decreased. This range is influenced by 
the state of stress, rate of loading, and section size. (59 
references).—D. L. C. P. 

Influence of Metallurgical Factors. C. H. Lorig. (Amer. 
Soc. Met. Lectures on Behaviour of Metals at Low Temperatures, 
34th National Metal Congess, Oct., 1952, 71-105). The effect 
of metallurgical factors on brittle fracture at low temperatures 
is surveyed. Ferritic materials are dealt with at length as 
illustrating the behaviour of non-face-centred cubic latticed 
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metals, which undergo sudden changes in fracture behaviour 
at the ductile-to-brittle transition. The embrittling tempera- 
ture for such materials is highly sensitive to metallurgical 
factors including heat-treatment, lattice structure, micro- 
structural variations, grain size, deoxidation procedures, me- 
thods of manufacture, and composition variations. Examples 
of all these are given. It is necessary to measure notched- 
bar behaviour for assessment of critical low-temperature pro- 
perties. (38 references).—D. L. C. P. 


Fundamental Metallurgical and Thermodynamic Principles 
of Gas-Metal Behavior. D. P. Smith. (Amer. Soc. Met. 
Lectures on Gases in Metals, 34th National Metal Congress, 
Oct., 1952, 1-22). Facts and theories concerning the presence 
of gas in solid metal by “‘ diffuse occlusion” as opposed to 
“porous containment” are surveyed. Hydrogen and other 
gases are considered. (20 references). 

Gases in Liquid Iron and Steel. D.J.Carney. (Amer. Soc. 
Met. Lectures on Gases in Metals, 34th National Metal Congress, 
Oct., 1952, 69-118). The subject is dealt with by a literature 
review covering solubility, chemical activity, sampling, 
analysis, and gas in commercial steel. Theoretical and prac- 
tical considerations are included for oxygen, nitrogen, hydro- 
gen, and some of the compound gases. (88 references). 

D.L.C.P. 

The Behavior of Gases in Solid Iron and Steel. C. E. Sims. 
(Amer. Soc. Met. Lectures on Gases in Metals, 34th National 
Metal Congress, Oct., 1952, 119-198). The mode of entry, 
behaviour, and effect on properties of oxygen, nitrogen, and 
hydrogen in solid steel is considered, from a literature survey; 
many graphs and micrographs are reproduced. The con- 
sequences of the tendency of steels to form nitrides, particu- 
larly AIN, are referred to. (81 references).—D. L. C. P. 


The Occurrence of Surface Defects during the Hot Working 
of Steels as a Result of Copper and Zinc Contamination. K. 
Born. (Stahl u. Eisen, 1953, 78, Sept. 24, 1268-1280). Hot 
bend tests on five samples of carefully produced steel have 
shown that copper contamination. can lead to surface cracks 
between 950° and 1150°C., 7.e., below the melting point of 
copper. Metallographic examination indicated enrichment 
of the outer crystallites and grain boundaries as a result of 
preferential oxidation. The grain boundaries weaken and 
become susceptible to cracking as the copper content increases 
and the scaling conditions become more severe. The marked 
decrease in susceptibility to cracking at higher temperatures 
(1150-1200° C.) results from scaling of the grain boundaries 
instead of metallic enrichment. As little as 0-05% of tin in 
steel causes a large increase in surface cracking on hot bending, 
and an extension of the critical temperature range. Tin 
appears to lower the melting point of the surface-enriched 
metal phase. Furnace atmosphere exerts an indirect in- 
fluence on cracking by controlling the amount of scaling.—zs. P. 

Research and the Minor Constituents of Steel. J. Chipman. 
(Amer. Iron Steel Inst. : Blast Furn. Steel Plant, 1953, 41, 
Sept., 1057-1064, 1106). The author reports the results of 
research into the effect of a number of elements on the manu- 
facture and properties of steel. Among the many elements 
discussed are sulphur, phosphorus, nitrogen, boron, oxygen, 
and hydrogen.—B. G. B. 

Aluminium in CastIron. (Bull. Found. Abs. Brit. Cast Iron 
Res. Assoc., 1953, 12, Nov., 129-132). The bibliography con- 
tains two references to textbooks and twenty references to 
papers which have appeared in the period 1935 to 1953 on 
the effects of aluminium in cast iron.—R. A. R. 

More Strength, Less Weight. (Steel, 1953, 188, Oct. 12, 
130-134). Examples of high strength, light weight, low cost 
steels being used in U.S.A. are presented.—p. L. C. P. 

How to Get More from Your Tool Steels. L. H. Seabright- 
(Iron Age, 1953, 172, Aug. 27, 104-108). The methods of 
testing tool steels and the effects of heat-treating methods 
are examined. . The differences between wear resistance and 
toughness are shown, and it is suggested that tools subject to 
torsion in service should be tempered at the temperature for 
the peak of the torsion-impact curve provided that this 
temper produces hardness within the desired range.—a. M. F. 

Alloy Steels. H. Nathorst. (Metalen, 1953, 8, Oct. 15, 
347-351 ; Oct. 31, 363-367). [In English]. This is a survey, 
given at the Fourth International Mechanical Engineering 
Congress, based on investigational work on alloy steels con- 
ducted at the Sandviken Jernverks A.B. (Sweden). (21 
references).—F. R. H. 
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Cast Irons in Mechanical Construction. M. Prette. (Rev, 
Gén. Méc., 1953, 37, Apr., 103-109 ; June, 179-184 ; July, 
220-222). The properties of cast irons are discussed with 
special references to their mechanical properties. The effect 
of the carbon content on the casting properties is described, 
and that of silicon, sulphur, manganese, and phosphorus on 
the mechanical properties of the cast iron are considered. 
Details of the preparation and properties of malleable castings 
of blackheart and whiteheart irons are given. The iron- 
carbon equilibrium diagram is disccused briefly with reference 
to the properties of cast irons. The properties of special alloy 
cast irons are presented in tabular form.—-s. G. B. 

Aluminium-Alloyed High-Speed Steels. KR. Mitsche and 
O. Felgel-Farnholz. (Maschinenbau u. Warmewirts., 1953, 8, 
July, 194-197 ; Aug., 224-229). In order to assess the pro- 
perties of aluminium-bearing high-speed steels, low-alloy steels, 
with and without tungsten, were prepared with different 
aluminium contents, subjected to a variety of heat-treatments, 
and their machining properties investigated and compared 
with these of normal high-speed steels similarly treated. 
Aluminium could be substituted for part of the tungsten or 
molybdenum in low-alloy steels without detriment to the 
cutting properties.—L. D. H. 

Stainless Steels. (Steel, 1953, 188, Oct. 12, 146-150). Ex- 
amples of grades available in the U.S.A. are given with an 
indication of their properties and uses. Nickel conservation 
is still a factor. Recent developments mentioned include : 
Knowledge of effect of rare-earth oxides and mischmetal on 
the hot workability of austenitic stainless alloys in mill 
operations ; a sulphuric-acid resisting steel ; two new types 
of precipitation hardening steels ; cheaper production of extra 
low carbon stainless steel ; more sintered stainless components; 
and stainless foil in thicknesses down to 0-002 in.—D. L. c. P, 

Hardenability. (Steel, 1953, 188, Oct. 12, 138-140). Recent 
trends in the U.S.A. are outlined. Boron steels are well 
developed, but in some cases are being replaced by standard 
grade alloy steels. Details are given of tests leading to the 
replacement of hardened, alloy steel, rear axle drive shafts 
on light trucks and taxis, by induction-hardened shafts made 
of plain carbon steel.—p. L. C. P. 

Modern Trends in Development, Production, and Use of 
Low-Alloy Steels. F. Poboyil. (Hutntk (Prague), 1953, 3, 
(7-8), 158-160). [In Czech]. The composition, hardenability, 
temper brittleness, and the relation of microstructure to 
strength are discussed, and reference is made to recent work 
on producing high quality alloy steels by the open-hearth 
process.—P. F. 


Potentialities of Spheroidal Graphite Cast Iron for the 
Machine Tool and General Engineering Industries. A. B. 
Everest. (J. Inst. Prod. Eng., 1953, 82, Oct., 424-433). The 
production and properties of spheroidal cast iron are dis- 
cussed with particular reference to its use in the machine tool 
and general engineering industries. Among examples of its 
use are, in press frames, anvil blocks, press die holders, heavy- 
duty face plates, and gear wheels. These irons can be flame- 
hardened or heat-treated and can also be plated or tinned. 

Irons Containing Spheriodal Graphite. (Usine Nouvelle, 
1953, 9, Spring Issue, 11-16). The production of such irons by 
treatment with cesium or magnesium and casting techniques 
are outlined. Their excellent properties include a rupture 
strength equal to that of mild steel with 10% elongation, good 
hardness, and impact strength, with good machinability and 
castability. The use of spheroidal graphite irons to replace 
grey irons, malleable irons, and forged steels is discussed.— a. G. 


METALLOGRAPHY 


Methods of Obtaining Replicas for Electron Microscopic 
Study. R. Dargent. (Métaux-Corrosion-Indust., 1953, 28, 
July-Aug., 285-292). The principal techniques now in use 
to obtain replicas of metallic surfaces suitable for examina- 
tion by the electron microscope, are considered. In partic- 
ular, a method of using a double replica technique which is 
capable of accurately resolving very fine detail is described. 
The method involves the deposition of an aluminium film, 1 to 
2 thick, on the sample. This film is subsequently removed 
from the sample, the surface in contact with the sample is 
oxidized, the excess aluminium is dissolved away, and the 
very thin aluminium oxide film is used for examination in the 
microscope. Various shadow techniques are also described. 
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A New External Objective Aperture Centering and Inter- 
changing Device for the RCA EMU Electron Microscope. F. W. 
Bishop. (Rev. Sci. Instruments, 1953, 24, Apr., 269-271). 
This device enables up to seven objective apertures to be 
interchanged and centred, one change being completed in 
5 sec. It consists of a platinum-—indium tongue carrying the 
the required apertures, and is operated by a sylphon bellow 
arrangement. The apertures are said to keep clean longer, 
as they are retracted when not in use ; cleaning can be done 
in a few seconds when necessary.—L. D. H. 

Direct Measurement of Images in the Electron Microscope. 
H. Froula. (Rev. Sci. Instruments, 1953, 24, Apr., 304-306). 
A method is described by which the size of an image can be 
approximately measured directly on the fluorescent screen 
of an RCA EMU-2A microscope, without the use of photo- 
graphy. An annular ring is moved axially inside the electron 
beam until the shadow of the ring just coincides with the 
image ; by calibration of the control the size of the image is 
indicated.—. D. H. 

Construction of a Universal Electron Diffraction Microscope 
and Its Optical Features. K. Tanaka and H. Hashimoto. 
(Rev. Sci. Instruments, 1953, 24, Aug., 669-675). A multi- 
purpose electron diffraction microscope is described, with 
constructional details and examples of its use.—.. D. H. 

On the Resolving Power of an Electron Objective of the 
Immersion Type. G. V. Spivak and Y. M. Dubinina. (Doklady 
Akademii Nauk S.S.S.R., 1953, 88, 673-675: Nation Science 
Foundation Translation 57, Aug., 1953). The possibility of 
a considerable increase in resolving power of an electron- 
optical objective of the immersion type by the use of a 
pulsating cathode voltage instead of a constant one is con- 
sidered.—v. G. 

The Adaptation of an Electron Microscope for Reflexion and 
Some Observations on Image Formation. M. E. Haine and 
W. Hirst. (Brit. J. App. Phys., 1953, 4, Aug., 239-244). 
A modified mechanical stage assembly is described which 
permits the E.M.3 electron microscope to be used for reflection. 


The resolution of about 400A obtained agrees with theoretical 
limits.—J. 0. L. 

A Method of Preparing Replicas for Electron Microscopic 
Examinations. W. S. Smith and W. G. Kirchgessner. (J. 
App. Phys., 1953, 24, May, 662). Evaporation of a silica film 
on to a chromium-shadowed Formvar replica provides a 
robust, transparent silica replica of the original surface 
ideally suited for examination by the electron microscope. 

An Electro-Erosion Method of Strain-Free Cutting. J. A. 
James and C. J. Milner. (J. Sci. Instruments, 1953, 80, Oct., 
386-387). To avoid local stresses by mechanical working, 
or changes in structure caused by subsequent annealing, when 
preparing material for X-ray examination, samples were cut 
by ‘electro-erosion.” By this method, metal is removed 
without contact of the tool with the material, by using electric 
energy in sparks from the discharge of a condenser. The 
circuit diagram is given.—t. D. H. 

Simple Attachment for Low Temperature Use of an X-Ray 
Diffraction Camera. Elizabeth A. Wood. (Rev. Sci. Instru- 
ments, 1953, 24, Apr., 325-326). A camera attachment is 
described by which cooled, dried gas is passed through a tube 
inside the camera, containing the specimen and a thermo- 
couple. The camera is flushed with dry gas at room tem- 
perature, to minimize subsequent crystallization of water 
vapour, then the gas is cooled by passing through a copper 
coil immersed in a flask of liquid air. Temperatures down to 
—120° C. have been obtained.—t. D. H. 

The Electron Microscope: Possibilities and Applications. 
A. Bruaux. (Rev. Tech. Luxembourg, 1953, 45, July—Sept., 
171-177). The basic principles of the electron microscope 
are considered and details of certain parts of it are given. 
Electron micrographs are reproduced to show the range of 
materials which can be examined by this technique : these 
include the study of steels.—s. G. B. 

A Fine Focus X-Ray Tube for Shadow Microscopy. Y. Kato, 
8. Yamanaka, and G. Shinoda. (Tech. Rep. Osaka Univ., 1953, 
8, Mar., 5-10). [In English]. An electron microscope, used 
as a fine focus X-ray tube and X-ray shadow microscope, is 
described. It is intended for studies of crystal imperfections. 
It has two electro-magnetic lenses and the focus of the electron 
beam may be reduced to 5 x 10-* mm. in dia. The high 
voltage is supplied by a series resonance circuit and stabilized 
by back feeding. (11 references).—x. E. J. 
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Optical Microscopy. G.L.Kehl. (Amer. Soc. Met. Seminar 
on Modern Research Techniques in Physical Metallurgy, 34th 
National Metal Congress, Oct. 1952, 1-32). The most recent 
significent contributions in the field of optical metallographic 
techniques have been phase contrast microscopy, the use of 
reflecting microscope objectives, and the application of multiple 
beam interferometry. The first two are commercially 
available, and are critically discussed : the last is undergoing 
development. (35 references).—kK. E. J. 

Field Emission Microscopy. E. W. Miiller. (Amer. Soc. 
Met. Seminar on Modern Research Techniques in Physical 
Metallurgy, 34th National Metal Congress, Oct. 1952, 33-50). 
The field emission microscope can uncover more details con- 
cerning shape and behaviour of metal surfaces than the 
electron microscope : it can show the presence of monatonic 
layers. It depends on electron emission between a point and 
an anode : a c.d. of 10° amp./sq. cm. may easily be obtained, 
and pictures are bright enough for normal photography. So 
far only eight metals (including iron) have been examined. 
Further development of positive ion emission should enable 
surface lattice details to be studied.—x. F. J. 

Electron Diffraction and Microscopy of Metals. R. D. 
Heidenreich. (Amer. Soc. Met. Seminar on Modern Research 
Techniques in Physical Metallurgy, 34th National Metal Con- 
gress, Oct. 1952, 51-71). Techniques and methods of examin- 
ing metal surfaces are reviewed, particularly surface prepara- 
tion, methods of replication, thin sections, and emission 
microscopy. Examples are given of the techniques applicable, 
and results obtained, when studying various alloy systems, 
precipitation, plastic deformation and slip. (19 references). 

X-ray Diffraction Techniques. C.S. Barrett. (Amer. Soc. 
Met. Seminar on Modern Research Techniques in Physical 
Metallurgy, 34th National Metal Congress, Oct. 1952, 72-94). 
Progress in X-ray research, in many directions, depends on 
refinements in technique. Recent developments are reviewed 
concerning high-intensity high-brilliance X-ray tubes, mono- 
chromators, and various types of counting tubes which have 
replaced photography for intensity measurement. (55 
references).—kK. E. J. 

The Diffuse Scattering of X-Rays. 3B. E. Warren and B. L. 
Averbach. (Amer. Soc. Met. Seminar on Modern Research 
Techniques in Physical Metallurgy, 34th National Metal Con- 
gress, Oct. 1952, 95-130). Precise information concerning 
the state of disorder of crystalline structures can only be 
obtained from measurement of the diffuse scattering. The 
subject is discussed fundamentally, and various corrections 
necessary are explained. Examples are given of information 
obtainable for single crystals, alloys, cold work distortion, 
solid solutions, superlattices, and nucleation. (24 references). 

Radiation Damage as a Metallurgical Research Technique. 
S. Siegel. (Amer. Soc. Met. Seminar on Modern Research 
Techniques in Physical Metallurgy. 34th National Metal Con- 
gress, Oct. 1952, 312-325). Experiments on the effects pro- 
duced by irradiation with energetic particles, and on the sub- 
sequent thermal annealing behaviour of these effects, are 
described for the systems copper, order-disorder alloys, and 
copper-beryllium. It is suggested that radiation produces 
vacancy-interstitial pairs and thermal or displacement spikes 
where local melting occurs. The introduction of imperfections 
by this means may become a useful adjunct to other metal- 
lurgical methods for producing imperfections in solids without 
other accompanying effects.—x. E. J. 

Melting and Solidification Phenomena of Binary Systems. 
A. Kofler. (Metalen, 1953, 8, Sept. 15, 325-328 ; Sept. 30, 
336-340). [In German]. Using a hot-stage microscope, the 
author has followed the phenomena occurring in binary sys- 
tems as they melt and solidify. The experiments described 
were conducted on transparent organic compounds having low 
melting points by placing them in a narrow slit formed by 
two glass slides and observing the heating and cooling pheno- 
mena in polarized light. | Micrograms were made of the 
different stages of the processes. The author believes that 
the method could well be applied to binary alloys.—r. r. H. 

A Mechanism of Electrolytic Polishing. E. Darmois and 
I. Epelboin. (Compt. Rend., 1953, 287, Sept. 7, 501-503). 
Electrolytic polishing in solutions containing ClO{ ions is 
attributed to the adsorption of the latter on the metal surface. 
The layer thus formed creates an electric field strong enough 
to force metallic ions to pass directly into solution. This 
mechanism can also partially explain other polishing processes. 
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The Use of Diamond Abrasives for a Universal System of 
Metallographic Polishing. L. E. Samuels. (J. Inst. Metals, 
1953, 81, June, 471-478). The investigation reported showed 
that abrasive is most efficiently used when dispersed in a 
carrier paste, the polishing rate then being 4-5 times that of 
dry application, and that it can be used economically only in 
the finer grades (0-10 particle-size range). The polishing 
rates are then extremely high. To bridge the gap over which 
diamond abrasives cannot be used economically, a cast wax 
abrasive lap has been developed, the characteristics of which 
are such that the full potential of the subsequent diamond 
stages is utilized.—R. A. R. 

Electrolytic Polishing in the Laboratory and Works. V. 
Vondrasek. (Hutnik (Prague), 1953, 3, (9), 196-199). [In 
Czech]. <A critical survey of electrolytic polishing practice 
shows that : (a) Present-day methods are suitable for indus- 
trial use only in the case of aluminium, aluminium alloys, and 
stainless steel; (b) the greatest obstacle lies in the large 
amount of metal lost by solution at the anode ; (c) surface 
quality is not always satisfactory ; (d) methods are often diffi- 
cult, and electrolytes are unstable ; and (e) its main use at 
present is in metallography.—». F. 

The Preparation of Polished Sections of Ores and Mill Pro- 
ducts Using Diamond Abrasives, and Their Quantitative Study 
by Point Counting Methods. A. R. Barringer. (Trans. Inst. 
Min. Met., 1953-54, 68, Oct. 21-41). Investigations into the 
use of graded diamand obrasives for ore polishing are de- 
scribed and details given of alternative techniques developed 
for using either simple equipment or automatic machines. 


The Polygonal State of Metal. A. Guinier. (Métauz- 
Corrosion-Indust., 1953, 28, Sept., 339-347). During the 
recrystallization of metals the most stable configuration is 
not at first attained, but a metastable structure is formed. 
This metastable condition is called the polygonal state. 
Examples of this structure are given and discussed.—s. G. B. 

Vacuum High-Temperature Camera for X-Ray Structural 
Analysis. V.G. Prokhvatilov and E.I.Gindin. (Zavodskaya 
Laboratoriya, 1950, 16, (8), 965). [In Russian]. The con- 
venient and simply operated vacuum camera described en- 
ables specimens to be heated up to 500° C., a vacuum of 10-4 
mm. Hg being maintained.—-s. kK. 

Apparatus for X-Ray Structural Analysis. I. E. Dudavski 
and F. I. Chupryanin. (Zavodskaya Laboratoriya, 1950, 16; 
(8), 948-955). [In Russian]. A new design of X-ray camera 
of wide applicability, with considerably reduced exposure 
times, is described. Provision is made for the use of mono- 
chromatic beams and for exposures in vacuo.—s. K. 

Curved-Crystal X-Ray Monochromator. Yu. A. Bagar- 
yatskii and E. V. Kolontsova. (Zavodskaya Laboratoriya, 
1950, 16, (8), 955-962). [In Russian]. The use of mono- 
chromatic X-rays in metallographic investigations is con- 
sidered, and the theory and use of a curved-crystal mono- 
chromator is described.—s. K. 

Atomic Chemistry and Metallurgy. A. Roos. (Chim. et 
Ind., 1953, '70, Oct., 666-671). The extended application of 
Hume Rothery’s rules to various solid solutions and to 
mechanical properties such as malleability, strength, and 
ductility is discussed. A study of ageing on the same princi- 
ples yields a quantitative relationship.—a. a. 

Microanalyses with Electronic Probe. R. Castaing. (Rev. 
Mét., 1953, 50, Sept., 624-628). A method of point metallo- 
graphic analysis is described in which the specimen area is 
reduced to below 0:05 mm. Some examples of analyses are 
given and the possibilities of local crystallographic analysis 
by means of the Rossel diagram are outlined.—a. G. 

The Kinectics of Recrystallization. P. Laurent. (Métaux- 
Corrosion-Indust., 1953, 28, Sept., 333-338). A number of 
theories which have been proposed to account for the observed 
data concerning the processes of recrystallization of metals 
are discussed. These include those of Krupkowski and Balicki, 
Cook and Richards, Johnson and Mehl, and d’Avrami. 

Chemical Interaction of Solute Atoms with Dislocations. H. 
Suzuki. (Sci. Rep. Res. Inst. Téhoku Univ., 1952, A, 4, Oct., 
455-463). [In English]. A mechanism of interaction be- 
tween a dislocation and solute atoms is put forward by de- 
seribing different locking interactions, it accounts for differ- 
ences in mechanical behaviour between face- and body- 
centred cubic structures. (11 references).—x. E. J. 

§-Curves: Completion Below the Ms Temperature. E. 
Gillam and D. G. Cole. (Iron Steel, 1953, 26, Oct., 471-474). 
The authors describe an X-ray method developed for the pur- 
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pose of following transformations, and particularly submar. 


tensitic transformations, in steels. Three steels (En24, En26, 
and En30B) have been investigated, the data enabling their 
S-curves to be completed below the Ms temperature, and 
showing the pronounced effects of alloying element additions, 
Other possible applications of the method are outlined.—c. pr, 

Crystal Orientation and Pole Figure Determination. 4. H. 
Geisler. (Amer. Soc. Met. Seminar on Modern Research Tech. 
niques in Physical Metallurgy, 34th National Metal Congress, 
Oct. 1952, 131-153). Crystal orientation information is 
needed for metallurgical research and materials engineering, 
Normal methods of representation are described. Techniques 
for determination of orientation depend on its relation with 
reflections of X-rays or light. They are described for indivi- 
dual crystals and polycrystalline aggregates. The latest 
apparatus used includes the Geiger-counter X-ray spectro- 
goniometer and the integrating pole figure goniometer. (34 
references).—K. E. J. 

Techniques and Applications of Neutron Diffraction. ©. G. 
Shull. (Amer. Soc. Met. Seminar on Modern Research Tech- 
niques in Physical Metallurgy, 34th National Metal Congress, 
Oct. 1952, 154-169). As a result of recent developments in 
nuclear reactors, neutron diffraction techniques may now be 
applied to many problems normally studied with X-rays and 
electrons. Comparisons of the methods are made, and special 
techniques are described. Examples are quoted of studies of 
crystallographic structure, magnetic structures, and problems 
of physical structure. (11 references).—k. E. J. 

Crystal Growth and Crystal Boundary Techniques. B. 
Chalmers. (Amer. Soc. Met. Seminar on Modern Research 
Techniques in Physical Metallurgy, 34th National Metal 
Congress, Oct. 1952, 170-185). The preparation of large 
isolated crystals is valuable for studying directional properties 
without interference from neighbouring crystals, and a logical 
development is to study individual boundaries. Details are 
given of techniques available for producing single crystals 
from the vapour phase, solution, molten metal, or the solid 
phase. Bicrystals of controlled orientation may be produced 
from the solid state. (19 references).—kK. FE. J. 

Deformation of Single Crystals. E. R. Parker and J. 
Washburn. (Amer. Soc. Met. Seminar on Modern Research 
Techniques in Physical Metallurgy, 34th National Metal Con- 
gress, Oct. 1952, 186-204). There are difficulties in perform- 
ing mechanical tests on single crystals in the form of long rods 
or wires. A more satisfactory shear type short-gauge-length 
specimen (in zinc) may be produced, and used for investiga- 
tions of many properties. An electrolytic technique for 
plating long single crystals is described. Photoelastic studies 
of transparent inorganic salts have added to the knowledge 
of slip systems. Studies of the formation and motion of dis- 
location boundaries ~~ easily be made, using single crystals. 
(19 references).—k. E. 

The Surface Deformation Caused on Iron Crystals by Uni- 
directional Abrasion. R. P. Agarwala and H. Wilman. (Pree. 
Phys. Soc., 1953, 66B, Aug. 1, 717-719). Results are reported 
showing directions of principal abrasion and amounts and 
axes of rotation when single-crystal sheets were rubbed very 
lightly on emery paper. Some «-iron was transformed into 
y-iron, and orientation results are given.—k. E. J. 

The Barkhausen Effect in Single Crystals. R. S. Tebble and 
V. L. Newhouse. (Proc. Phys. Soc., 1953, 66B, Aug. 1, 633- 
641). In crystals of silicon-iron and nickel the effect is 
markedly dependent on the demagnetizing factor of the 
specimen. An explanation of the effect is given. Previous 
theoretical and experimental work is discussed in terms of 
demagnetizing factor and reversibility. The effect is probably 
associated with the movement of 180° boundaries. (10 
references).—K. E. J. 

A Theory of Creep in Single Crystals. O. G. Folbert and 
A. Kéochendorfer. (J. Mech. Phys. Solids, 1953, 1, July, 
244-257). [In German]. The assumptions of Kéchendorfer’s 
theory of plastic deformation are extended by taking the rate 
of dissipation of dislocations to be proportional to the number 
of bound dislocations; the additional assumption being sup- 
ported by electron microscope studies of the formation of slip 
lines. The theory built on this foundation is shown to repro- 
duce the characteristic features of creep behaviour.—,. G. w. 

Flow and Fracture of Single Crystals of High Purity Ferrite. 
R. P. Steijn and R. M. Brick. (Amer. Soc. Metals, 35th Annual 
Convention, Preprint No. 36, 1953). Flow and fracture studies 
at room and subzero temperatures were conducted on single 
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crystals of two high-purity titanium ferrites with 0-1 and 
0: 3% Ti, and on one high-purity Fe-C alloy with 0-023% C. 
The flow studies consisted of tension and compression tests. 
Micrographic determinations of the slip elements from surface 
markings were correlated with X-ray examinations. The 
operative glide system was found to be a plane in the < 111 > 
zone, selected on the basis of relative strengths of planes 
{110} to {112}, the orientation of the crystal and the tem- 
perature. Comparison between compression and tension data 
indicated a fundamental difference with respect to the glide 
plane selected, which shows that the normal stress is signifi- 
cant. Slip on high-indice planes is visualized from a model 
which considers the atoms as hard spheres. A theory of slip 
in body-centred cubic metals is developed from this model. 
Fracture tests were carried out at sub-zero temperatures. 
Ductility was dependent on the crystal orientation as well 
as on temperature. The variation of the critical shear stress 
for slip with temperature, down to — 150° C., was found. 
Mechanical twinning was encountered at — 75° C. and lower. 
There does not appear to be a critical resolved shear stress 
for twinning, and the decisive criterion remains unknown. 

Ferromagnetic Domain Processes in Single Crystal Disc 
Specimens of Silicon Iron. D. H. Martin. (Proc. Phys. Soc., 
1953, 66B, Aug. 1, 712-714). Observations of domain struc- 
tures as the specimen was rotated from a [100] to a [110] 
direction, being parallel to the field, produced increasing 
dagger-shaped closure structures at surface oe 
which finally developed into a band structure.—x. FE. 

Solution and Precipitation of Aluminium ar iag > in Relation 
to the Structure of Low Carbon Steels. W. ©. Leslie, R. L. 
Rickett, C. L. Dotson, and C. 8. Walton. (Amer. Soc. Met. 
Preprint No. lw, 1953). The five aluminium-killed steels 
investigated, contained from 0-020 to 0-079°%, acid-soluble 
aluminium and from 0-0053 to 0-0088% of acid soluble 
nitrogen. Three steels were from basic open-hearth heats; 
the other two were taken from 100-lb. laboratory induction 
melts. The temperature required for complete solution of 
aluminium nitride was investigated. The effects of composi- 
tion, solution temperature, and previous cold work on the 
rate of isothermal precipitation were determined. The 
influence of aluminium nitride on the microstructure of cold- 
rolled box-annealed steel sheets was studied. The temperature 
required for complete solution of aluminium nitride in austenite 
depends upon the concentration of aluminium and nitrogen 
in the steel. For commercial low-carbon aluminium-killed 
steels, held for limited periods at temperature, the tempera- 
ture for complete solution of aluminium nitride is higher than 
is indicated by published equilibrium data. Rate of isothermal 
precipitation of aluminium nitride increases with increasing 
concentrations of aluminium and nitrogen. In a given steel, 
increasing the temperature of previous solution decreases the 
rate of subsequent isothermal precipitation. Rate of precipita- 
tion of aluminium nitride reaches a maximum at about 
815°C. To obtain an elongated grain structure in cold- 
reduced, box-annealed, aluminium-killed sheet steel, sufficient 
nitrogen must be retained in solid solution before cold reduc- 
tion to enable aluminium nitride to form during heating to, 
or at, the annealing temperature.—J. ©. B. 

Effective Diameter of Solute Atoms in Interstitial Solid 
Solutions. R. Speiser, J. W. Spretnak, and W. J. Taylor. 
(Amer. Soc. Met. Preprint No. 4w, 1953). Formule are 
derived relating the observed change of the lattice parameter 
in interstitial solid solutions to the effective diameter of the 
solute atom. The effective diameters of carbon, nitrogen, and 
oxygen are computed from experimental data.—J. Cc. B. 

Grain Growth of Metals. P. Lacombe. (Métaux-Corrosion- 
Indust., 1953, 28, Oct., 377-391). Factors affecting the 
crystalline structure of metals are considered. Examples of 
continuous and discontinuous structures and_ preferred 
orientation are examined in detail. The hypotheses of 
Burgers and of Beck concerning the development of an 
orientated structure are discussed with reference to a number 
of earlier papers.—B. G. B. 

A oe Relationship for Recrystallization and 
Grain Growth. F Larson and J. Salmas. (Amer. Soc. 
Metals, 35th y ay Conwention, Preprint No. 10, 1953). A 
relation developed by previous investigators which evaluates 
the relative effects of time and temperature on the hardness 
during the tempering of steels has been applied to the 
phenomena of recrystallization and grain growth, utilizing 
several different metals, with outstanding results. All of the 
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data analysed complied within the limits which could be 
attributed to experimental deviations. A value of 20 for 
C (a material constant) in the parameter 7(C log t), where 
T is the absolute temperature and ¢ is time, was found to be 
satisfactory for all materials considered. For a given metal 
an absolute rate of grain growth exists which appears to be 
dependent upon composition only. Use of this concept will 
reduce the number of tests required to evaluate recrystalliza- 
tion and grain growth behaviour.—J. o. L. 

The Embrittlement of Alloy Steel at High Strength Levels. 
L. J. Klingler, W. J. Barnett, R. P. Frohmberg, and A. 
R. Troiano. (Amer. Soc. Metals, 35th Annual Convention, 
Preprint No. 27, 1953). Embrittlement on tempering quenched 
steels to high strength levels is a precipitation or 
phenomenon and the tempering characteristics of the steel 
play a major part. A definite correlation is shown between 
the time-temperature relations for the embrittlement of 
tempered martensite and the nature and sequence of the 
carbides resulting from the tempering process. The embrittle- 
ment is associated with the initial formation of cementite 
platelets. | Embrittlement in steels at high strength levels 
may be reduced by: (1) The development of special composi- 
tions with retarded martensite tempering characteristics; 
(2) the development of faster tempering steels so that over- 
ageing will occur; and (3) the development of steels in which 
high strength bainite can be produced.—y. o. L. 

Grain Growth in High-Speed Steel. E. Kula and M. Cohen. 
(Amer. Soc. Metals, 35th Annual Convention, Preprint No. 33, 
1953). By interpreting the phenomenon of ‘ fish-scale 
fracture in double-hardened high-speed steel as a process of 
discontinuous grain coarsening, many of its anomalous 
aspects can be readily explained. For discontinuous grain 
growth in high-speed steel, martensite or bainite must be 
present to endow the austenite formed during reheating with 
sub-grains. This sub-structure enhances the tendency for 
grain growth, and it is not eliminated by ordinary tempering 
or preheating. If spheroidite is present, whether in the as- 
received steel or in hardened and annealed steel, discontinuous 
coarsening does not occur. Martensite tends to transmit the 
grain size of its parent austenite to the next-generation 
austenite, and therefore, if the steel is coarsened by double 
hardening, the grain size will also be coarse during the third 
hardening. However, spheroidite is not as faithful as mar- 
tensite in this respect, so that refinement of the coarsened 
structure (removal of the ‘ fish-scale ’ fracture) can be attained 
by annealing one or more times before the third hardening, 
although the final grain size may not be sufficiently small 
for some commercial purposes.—J. 0. L. 

Discontinuous Grain Growth in High-Speed Steel. A. H. 
Grobe, G. A. Roberts, and D. 8. Chambers. (Amer. Soc. 
Metals, 35th Annual Convention, Preprint No. 34, 1953). The 
presence of extremely coarse grains in double-hardened high- 
speed steel, observed on fractured samples as ‘ fish-scale ’ 
fracture, is shown to result from discontinuous grain 
growth in the eight different commercial high-speed steels 
investigated. There is a coarsening temperature at which, 
during second hardening, the grains abruptly enlarge. This 
temperature depends upon the initial hardening temperature. 
After initial quenching from low temperature, discontinuous 
coarsening is not often observed. This phenomenon is related 
to the presence of sub-grain boundaries in rehardened samples, 
which are a prerequisite for discontinuous coarsening. These 
boundaries are retained on reheating martensite by the 
presence of a precipitate of alloy carbides that had been 
previously dissolved during the initial heating.—. o. L. 

Nucleation in Alloys. P. Laurent. (Métaua-Corrosion- 
Indust., 1953, 28, Oct., 392-395). A short account of the 
mechanism of the nucleation stage during the crystallization 
and recrystallization of metals, is presented.—n. G. B. 

The Formation of Recrystallization Structures. P. Coheur. 
(Métaux-Corrosion-Indust., 1953, 28, Nov., 423-434). 
Reasons for the interest in the study of recrystallization 
structures are considered and examples of the effect of 
preferred orientation due to rolling, on the properties of the 
metal are given. Study of the stresses set up during the cold 
reduction of steel has been carried out and the results are 
given and discussed.—8. G. B. 

Ferromagnetic Domains. H. J. Williams. (Amer. Soc. 
Met. Seminar on Modern Research Techniques in Physical 
Metallurgy, 34th National Metal Congress, Oct. 1952, 251-277). 
By a simple technique using colloidal Fe,0,, magnetic domain 
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structures may be observed and changes followed as applied 
magnetic fields are varied. The effect of stress can also be 
observed. Results are quoted for single crystals and poly- 
crystalline materials (silicon—iron, nickel, Perminvar) and for 
cobalt (using the Kerr magneto-optic effect). The observa- 
tions agree with domain theory. (23 references).—k. E. J. 
Domain Pattern in Silicon-Iron Under Stress. L. J. Dijksta 
and U. M. Martius. (Rev. Modern Phys., 1953, 25, Jan., 
146-150). Investigations were made into the changes in 
domain structure of grain-orientated silicon steel under 
tensional stress. Within the elastic range, a transition range 
and a new stress-induced pattern were observed and inter- 
preted. In the plastic range, knowledge of the stress-induced 
pattern permits the detection of residual lattice strains. 


A Note on a Test of the Plastic Isotropy of Metals. H. Ll. D. 
Pugh. (J. Mech. Phys. Solids, 1953, 1, July, 284-286). It is 
shown that a material with a simple type of anisotropy will 
satisfy both of the tests used by Taylor and Quinney in their 
investigations of metal plasticity, for checking isotropy of 
specimens.—J. G. W. 

Investigations of the Phase Analysis of Carbon in Steels. 
Yu. A. Klyachko and M. M. Shapiro. (Zavodskaya Labora- 
toriya, 1950, 16, (10), 1173-1181). [In Russian]. An account 
is given of a comprehensive investigation of the theory and 
methods of carbide phase analysis in steels. The main physical- 
chemical properties of the carbide residue from carbon steel 
were studied and the residue was shown to undergo changes 
with time which are associated with oxidation and adsorption. 
Residues from hardened and tempered steel should be 
analysed without delay, they should be kept in a vacuum 
desiccator and dried in a reducing atmosphere. The effect 
on the residue of the heavy liquid (aqueous solution of 
K,HglI,) used in the separation of carbide and carbon was 
studied with steel heat-treated in different ways. This 
method is satisfactory as the oxidation and solution of iron 
carbide is without effect on the distribution of carbon between 
the carbide and the solid solution in the metal. The applica- 
bility of the heavy-liquid method to chromium steel (8-37% 
Cr, 0-47% C) was established by X-ray analysis of specimens 
heat-treated to give different phase compositions, before and 
after treatment with the liquid.—s. K. 

The Influence of Cobalt on the Diffusion of Carbon in Iron- 
Carbon Alloys. V. A. Yurkov and M. A. Krishtal. (Doklady 
Akademii Nauk S.S.S.R., 1953, 92, (6), 1171-1173). [In 
Russian]. The diffusion coefficients of carbon in iron con- 
taining 4% carbon with additions of 1, 3, 4, and 5% of cobalt 
were determined at 950°, 990°, 1020°, and 1050°C. The 
coefficient of diffusion of carbon was calculated from the 
velocity of growth of the austenite layer during decarburiza- 
tion with hydrogen at a given temperature. The curve for 
the dependence of the coefficient on cobalt content had two 
troughs at 1 and 4% Co. The authors also investigated the 
electrolytic potential difference between Armco iron and 
Fe-C-—Co alloys using as an electrolyte 0-01M H,SO,. The 
plot of potential difference against cobalt content also had 
low points at 1 and 4% Co.—-v. a. 

The Effect of Silicon on the Kinetics of Tempering. W. S. 
Owen. (Amer. Soc. Metals, 35th Annual Convention, Pre- 
print No. 24, 1953). The general influence of silicon on the 
tempering of medium-carbon steels was studied by a magnetic 
method. The effects of the three stages of tempering were 
separated and analysed by means of the precision-length- 
measurement technique. From these experiments quantita- 
tive data for the kinetics of the second and third stages were 
obtained. The mechanism of the precipitation processes is 
discussed, particular consideration being given to the nature 
of the controlling diffusion processes.—J. 0. L. 

Microstructural Changes on Tempering Iron-Carbon Alloys. 
B. S. Lement, B. L. Averbach, and M. Cohen. (Amer. Soc., 
Metals, 35th Annual Convention, Preprint No. 25, 1953). An 
electron microscopic study of the microstructural changes 
that occur in high purity Fe—C alloys during tempering up to 
370° C. shows that sub-grains exist in martensite which are 
inherited from the austenite as a result of the hardening 
transformation. During the first stage of tempering, a net- 
work of e-carbide appears at martensitic sub-boundaries in 
these alloys containing above about 0-25% carbon. In the 
early part of the third stage, the sub-boundary carbide 
dissolves and cementite precipitates both at martensitic 
boundaries and within the martensite. There appears to be 
a correlation between the formation of cementite films along 
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martensitic plates lying at the previous austenitic grain 
boundaries and the phenomenon of ‘ 260° C. embrittlement,’ 
A detailed analysis is made of the relation of observed micro. 
structural and hardness changes on tempering up to 370° (, 

Theoretical Principles of the Decomposition of Austenite, 
R. Calvo Rodes. (Inst. Hierro Acero, 1953, 6, July—Sept., 
183-209). [In Spanish}. The principles of minimum free 
energy and of energy of activation as the basis of the origin 
of the development of metal reactions are explained. These 
principles are applied to diffusion and transformations. The 
decomposition of austenite is discussed starting from the 
precipitation of the pro-eutectoid products. The eutectoid 
reaction is studied in connection with the pearlitic, bainitic, 
and martensitic zones. Finally, the influence of carbon and 
of alloying elements on the development of the eutectoid 
reaction are studied.—R. s. 

Stabilization Phenomena During the Reverse Martensite 
Transformation. Ya. M. Golovchiner and Yu. D. Tyapkin, 
(Doklady Akademii Nauk S.S.S.R., 1953, 98, (1), 39-42). [In 
Russian]. In Fe—Ni alloys (15-30% Ni) direct (during cooling) 
and reverse (during heating) martensite transformations take 
place. The authors investigated the influence of the reverse 
transformation on the ability of the y-phase formed to undergo 
the direct transformation.—v. G. 

The Influence of Silicon on the Velocity of Diffusion of 
Carbon in Austenite. M. A. Krishtal. (Doklady Akademii 
Nauk S.S.S.R., 1953, 92, (5), 951-953). [In Russian]. The 
influence of silicon content (0, 0-4, 0-6, 0-9, and 1-2%) on 
the diffusion coefficient of carbon in austenite was studied. 
The coefficient of diffusion was calculated from data on the 
time dependence of the thickness of the austenite layer 
formed during decarburization of white iron in hydrogen, at 
temperatures of 880°, 920°, and 950°C. It was found that 
values of the coefficient of diffusion increase rapidly with 
increasing silicon content.—-v. G. 


The Influence of Heat-Treating Variables on the Martensite 
Transformation in SAE 1050 Steel. M. R. Meyerson and 8. J. 
Rosenberg. (Amer. Soc. Met. Preprint No. 8w, 1953). The 
effects of three heat-treating variables (austenitizing tempera- 
ture, austenite grain size, and rate of cooling) upon the 
martensite transformation (Mg) of two 0-:5%-carbon steels 
were determined. The M, was found to increase with increas- 
ing austenitizing temperature, but this increase was the result 
of the larger austenite grain size established at the higher 
austenitizing temperatures. Rate of cooling had no effect 
upon the Ms. Grain size effected the rate of formation of 
martensite below the Ms. An explanation of the observed 
phenomena is offered and the findings are discussed in relation 
to the nucleation and growth theories of the formation of 
martensite.—J. C. B. 


The Formation of Sigma Phase in Types 309 and 310 Stain- 
less Steel. R. C. Frerichs and C. L. Clark. (Amer. Soc. Met. 
Preprint No. 9w, 1953). Data are presented to show structural 
and physical changes that occur in Types 309 (0-088% C, 
1-44% Mn, 0-02% P, 0-012% 8S, 0-58% Si, 23-66% Cr, 
13-82% Ni, 0-03% Mo, 0-132% N,) and 310 (0-107% C, 
1-55% Mn, 0-02% P, 0:013% S, 0-39% Si, 25-05% Cr, 
20-8% Ni, 0:03% Mo, 0-136% N,) stainless steel as a result 
of ageing at elevated temperatures. The experiments were 
conducted on both fine and coarse-grained initial structures 
with ageing times up to 1000 hr. at temperatures of approxi- 
mately 621—899° C. X-ray and magnetic permeability studies 
were made to corroborate certain phases of the work. Micro- 
graphs showed that the fine-grained material was subject to 
the formation of sigma phase, whereas in the coarse-grained 
specimens an acicular constituent, presumably carbide, was 
prevalent in the temperature range of 704-815° C.—u. c. B. 

On the Theory of the Formation of Martensite. M. S. 
Wechsler, D. 8. Lieberman, and T. A. Read. (Trans. Amer. 
Inst. Min. Met. Eng., 1953, 197: J. Met., 1953, 5, Nov., 
1503-1515). The authors present a new theory of the forma- 
tion of martensite, making possible the calculation of the 
austenite planes on which the martensite plates form, the 
orientation relationship between the austenite and martensite 
crystal axes, and the macroscopic distortions, from a 
knowledge only of the crystal structure and lattice parameters 
of austenite and martensite. Calculated values agree well 
with the results of experiment.—c. F. 

Calculation of Interdiffusion Coefficients When Volume 
Changes Occur. M. Cohen, C. Wagner, and J. E. Reynolds. 
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(Trans. Amer. Inst. Min. Met. Eng., 1953, 197: J. Met., 1953, 
5, Nov., 1534-1536). When a volume change occurs during 
diffusion, a modified measure of distance must be introduced 
so that the diffusion equation may retain its usual form. 
The authors present cases in which concentrations are given 
in different terms, leading to the same values of interdiffusion 
coefficient as a function of concentration when the Boltzmann- 
Matano analysis is applied. The merits of incremental diffusion 
couples involving small concentration differences are empha- 
sized.—G. F. 

Effects of Sample Surface and X-Ray Diffraction Camera 
Geometry on the Determination of Retained Austenite in 
Hardened Steels. K. E. Beu and D. P. Koistinen. (Trans. 
Amer. Inst. Min. Met. Eng., 1953, 197: J. Met., 1953, 5, Nov., 
1529-1530). The authors have investigated the effects of 
varying roughness and shape of the sample surface, and the 
geometrical relationship of the sample surface, X-ray beam, 
and film cylinder, on the determination of retained austenite 
in hardened steels by the integrated intensity X-ray diffraction 
method. The reliability of the method does not depend 
rigorously on these conditions, and reproducible results are 
obtained over a wide range of experimental conditions.—e. F. 


Notes on the Determination of Retained Austenite by X-Ray 
Methods. K. E. Beu. (Trans. Amer. Inst. Min. Met. Eng., 
1953, 197: J. Met., 1953, 5, Nov., 1539-1540). For the 
measurement of retained austenite in steels by the integrated 
intensity X-ray diffraction method, the author shows how 
the necessary conditions relating to preferred orientation and 
shape of sample, film, and X-ray beam, can be met experi- 
mentally. Other conditions affecting the absorption factor, 
such as homogeneity and grain size, are also discussed.—e. F. 

Elevation of Critical Temperatures in Steel by High Heating 
Rates. W. J. Feuerstein and W. K. Smith. (Amer. Soc. 
Metals, 35th Annual Convention, Preprint No. 19, 1953). The 
Ac, and Ac, critical temperatures were determined for 0-20%, 
0-42%, 0-80% carbon steels and a Cr—Mo steel in the annealed 
condition, and also for the last steel in two quenched and 
tempered conditions, at heating rates from 30 to 2400° F./sec. 
The curves of critical temperatures against heating rate, 
plotted on semi-log co-ordinates, do not indicate a straight- 
line relationship in this range of heating rates, but rather 
show a change in slope of the curves as the heating rate is 
increased. A small tensile stress raised the Ac, and Ac, 
critical temperatures and resulted in plastic deformation when 
the specimen was heated or cooled through the critical 
temperature range.—J. O. L. 

A Study of the Fe-Fe.B System. ©. C. McBride, J. W. 
Spretnak, and R. Speiser. (Amer. Soc. Metals, 35th Annual 
Convention, Preprint No. 22, 1953). Investigation of the 
Fe-Fe,B system shows a peritectoid reaction with a minimum 
point. The solubility of boron in iron was determined by 
equilibrating Fe-Fe,B sandwiches and analysing the resultant 
cores spectrographically for boron. Reaction isotherms and 
the minimum point were established by differential thermal 
analysis and metallographic studies. The Fe—Fe,B eutectoid 
isotherm is established at 1149° C. and the peritectoid reaction 
isotherm at 906° C. The minimum point is at approximately 
0-001 wt.-°%% boron and 835°C. The solubility of boron in 
«-iron varies from less than 0-0004% at 710° C. to 0-0082% 
at 906°C. The solubility range of boron in y-iron is from 
0:0021% at 906°C. to 0-0210% at 1149°C. Theoretical 
analysis of the system indicates that boron forms an inter- 
stitial solid solution in gamma iron but a substitutional solid 
solution in a-iron.—J. 0. L. 

High Temperature Transformations in Ferritic Stainless 
Steels Containing 17 to 25% Chromium. A. E. Nehrenberg 
and P. Lillys. (Amer. Soc. Metals, 35th Annual Convention, 
Preprint No. 31, 1953). The complex isothermal transforma- 
tions in both the austenite and delta ferrite of commercial 
17, 21, and 25%-Cr steels heated sufficiently for complete 
solution of carbides (and nitrides when present) were studied. 
Precipitation of the M,,C, carbide precedes the transforma- 
tions at all temperature levels. At temperatures’ below A, 
there is next a separation of ferrite containing little or no 
precipitated carbide while the earlier grain boundary precipi- 
tation reaction continues. The pearlite reaction follows the 
precipitation and ferrite separation reactions. The amount 
of ferrite formed from austenite decreases and the amount 
of pearlite increases with decreasing temperature. At the 
lowest temperatures for austenite transformation, formation 
of a dark-etching aggregate precedes the pearlite reaction. 
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At temperatures ranging from about 50° F. below A, to about 
200° F. above it, a transformation involving the formation 
of an aggregate of lamellar carbides in austenite from delta 
ferrite was noticed. Some observations are reported in con- 
nection with the formation of austenite from delta ferrite 
during a quench from very high temperatures.—4J. oO. L. 

Experiment on a Genetic Morphology of Carbon in Com- 
mercial Cast Iron. R. Mitsche and E. M. Onitsch-Modl. 
(Giesseret, Technisch-Wissenschaftliche Beihefte, 1952, Sept., 
427). A simple presentation of the different structural forms 
of carbon in cast iron is proposed. This consists of a triangle, 
somewhat akin to a ternary diagram, the corner points of 
which are malleable (Fe,C), acicular, and spherical. The area 
of the triangle is divided into three main fields consisting of 
(a) cementite, (b) elementary carbon (from decomposition), 
and (c) elementary carbon appearing direct from the melt. 
These main areas are further subdivided.—nr. J. w. 


Metallography of Delta-Ferrite. Part I—Eutectoid Decom- 
position of Delta-Ferrite. Kehsin Kuo. (J. Iron Steel Inst., 
1954, 176, Apr., 433-441). [This issue]. 

Structural Changes During Annealing of White Cast Irons 
of High S/Mn Ratios, Including the Formation of Spherulitic 
and Non-Spherulitic Graphite and Changes in Sulphide In- 
clusions. A. Hultgren and G. Ostberg. (J. Iron Steel Inst. 
1954, 176, Apr., 351-365). [This issue]. 

Eutectic Solidification in Grey, White, and Mottled Hypo- 
Eutectic Cast Irons. <A. Hultgren, Y. Lindblom, and E. Rud- 
berg. (J. Iron Steel Inst., 1954, 176, Apr., 365-374). [This issue]. 

Decomposition of Cementite During Solidification of Cast 
Iron. A. Berman and V. Kondic. (J. Iron Steel Inst., 
1954, 176, Apr., 385-387). [This issue]. 

Undercooled Graphite in Cast Irons and Related Alloys. 
H. Morrogh and W. J. Williams. (J. Iron Steel Inst., 
1954, 176, Apr., 375-378). [This issue]. 

The Solidification of Nodular Iron. H. Morrogh. (J. Iron 
Steel Inst., 1954, 176, Apr., 378-382). [This issue]. 

The Solidification of Iron-Phosphorus-Carbon Alloys. H. 
Morrogh and P. H. Tiitsch. (J. Iron Steel Inst., 1954, 176, 
Apr., 382-384). [This issue]. 

The Growth of Nodular Graphite. M. Hillert and Y. Lindblom. 
(J: Iron Steel Inst., 1954, 176, Apr., 388-390). [This issue]. 

The Range of Existence of the Delta Phase in the Iron—Zinc 
System. H. Bablik, F. Gétzl, and R. Kukaczka. (Z. Metall- 
kunde, 1953, 44, Aug., 391). The authors disagree with the 
statement previously made by Lihl and Demel, that the 8, 
phase in the Fe-Zn system does not exist below 400° C. 
They repreduce photomicrographs to show that the phase, 
formed at 440° C. by hot galvanizing, still exists after temper- 
ing for several hours at 350 and 340° C.—t. D. H. 

On the State of Martensite Crystals of Hardened Low-Carbon 
Steels. G. V. Kurdyumov, M. D. Perkas, and A. E. Shamov. 
(Doklady Akademii Nauk S.S.S.R., 1953, 92, (5), 955-957). 
{In Russian]. The state of martensite in a series of low-carbon 
steels (quenched from 1000-1050° C. in a solution of sodium 
hydroxide at 0°C.) was investigated by determining the 
width of the (211) line in chromium radiation, the hardness, 
and the coercive force. An increase in carbon content leads 
to a continuous increase of all three quantities, indicating an 
increasing amount of carbon in solid solution. Concerning 
the influence of manganese content on the width of the line 
(211) it was found that, in all alloys, the carbon content of 
martensite was the same and that the carbon was retained 
in solid solution. It is concluded from the data obtained that, 
during the rapid quenching of carbon steel containing 0-1% 
of carbon, martensite is not able to decompose during cooling 
and the carbon remains in solution. This conclusion is valid 
for steels with carbon < 0-:1%. The main condition for the 
retention of all the carbon in «-solid solution is a high quench- 
ing speed.—v. G. 

The Partition of Some Alloying Elements Between Carbide 
and Ferrite in Steels. D. A. Scott and G. 8. Farnham. (Trans. 
Amer. Inst. Min. Met. Eng., 1953, 197: J. Met., 1953, 5, Nov., 
1541-1543). The authors have determined the partition of 
nickel, chromium, molybdenum, and manganese between the 
carbide and ferrite phases in a series of annealed medium- 
carbon and high-carbon steels. The weight percentage of 
each element in the carbide is found to be directly related to 
its weight percentage in the steel. Partition of one element is 
little affected by the presence of another, although combined 
chromium and molybdenum additions decreased the nickel 
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potentials, of mild steel moving rapidly in fresh water, NaC] 


content of the carbide. Prolonging the anneal led to replace- 
ment of nickel in the carbide by manganese from the ferrite. 

On the Thermodynamics of Simple Carbides in Steel. N.S 
Fastov and N. B. Finkelstein. (Doklady Akademii Nauk 
S.S.S.R., 1953, 89, 677-679: National Science Foundation 
Translation 77, Aug., 1953). Thermodynamic formule are 
derived for calculating the amount and composition of the 
carbide phase from the composition of the steel and its heat- 
treatment.— . 

Equilibrium Structures in Fe-Cr—Mo Alloys. J. G. McMullin, 
8S. F. Reiter, and D. G. Ebeling. (Amer. Soc. Metals, 35th 
Annual Convention, Preprint No. 28, 1953). Isothermal 
sections of the Fe—Cr—Mo ternary diagram at 815 and 900° C. 
are presented. A ternary compound not previously reported 
in this system is shown to be stable at both temperatures. 

Gamma Loop Studies in the Iron-Vanadium and the Iron- 
Vanadium-Titanium Systems. W. R. Lucas and W. P. 
Fishel. (Amer. Soc. Metals, 35th Annual Convention, Pre- 
print No. 30, 1953). Dilatation studies were made on series of 
Fe-V-Ti alloys in order to determine the Ac, transformation 
temperatures. These data were used to construct a gamma 
loop curve in the Fe—V system and to establish the limit of 
the y-iron region in the Fe-V-Ti system.—4J. 0. L. 


CORROSION 


Corrosion. M. Lebegue. (Usine Nouvelle, 1953, 9, Sept. 10, 
31-35; Sept. 17, 53-55). An outline of the fundamental 
principles involved in corrosion, and of the réles of chemical 
and electrochemical phenomena is given. Methods for the 
prevention or retardation of corrosion are then dealt with, 
including deposited films, paint and metallic coverings 
obtained by dipping, deposition, metallization, and diffusion. 
Finally, cathodic protection is discussed, and the importance 
of adequate surface preparation before the protective treat- 
ment is stressed.—a. G. 

Corrosion. M. G. Fontana. (Indust. Eng. Chem., 1953, 45, 
Oct., 95a—97A). Details are given of testing procedures based 
on electrolytic etching in oxalic acid. These can be used to 
investigate the susceptibility to intergranular corrosion after 
sensitizing of non-stabilized austenitic stainless steels (cast 
and wrought structures). In a large number of cases, the 
tedious 240-hr. HNO, testing (Huey test) can be eliminated. 

Corrosion Test for Welded Austenitic Chromium-Nickel 
Steels. (Cien. Tecn. Solda., 1953, 8, Sept.—Oct.). [In Spanish]. 
The Hatfield or the Strauss test is usually accepted as the 
weld decay test, although both may be considered to be too 
severe. To overcome this inconvenience, Committee No. 9 of 
the International Institute of Welding proposes a test for 
those cases where such a rigorous test is not required. The 
procedure is described.—Rr. s. 

Corrosion and Materials for the Construction of Pumps for 
Acids. W. Freier. (Technik, 1953, 8, Sept., 597-608). Cor- 
rosion concepts are applied to the problem of selecting suitable 
materials for pumps handling acids. Examples of unsuitable 
materials and design are given. Reference is made to cor- 
rosion fatigue and the need to reduce alternating stresses. 
Materials for use in Eastern Germany are recommended. 

Corrosion of Iron in Highly Concentrated Nitric Acid. E. 
Fitzer, H. Hohn, and J. Sekal. (Werkstoffe u. Korrosion, 1953, 
4, Aug.-Sept., 290-298). This is a fundamental investigation 
of the effects of highly concentrated nitric acid on low carbon 
steels. The results show that, although ferrite is passivated 
by nitric acid containing > 70% HNOs,, iron carbide is 
attacked by such acids with the evolution of hydrocarbons, 
carbon oxides, nitrogen, and oxides of nitrogen. The reaction 
is the more vigorous, the less water there is in the acid. For 
acids containing > 96° HNO, the attack is so marked that 
it produces perceptible intergranular attack on iron containing 
only 0-003°, C. On steels with carbon contents of 0-1°% or 
more, intercrystalline corrosion in these strong acids leads to 
complete disintegration within a few days; the residue consists 
of grains of passivated ferrite. The authors suggest that a 
pure iron, free from carbon and non-metallic inclusions, might 
resist highly concentrated nitric acid perfectly.—s. c. H. 

The Corrosion of Mild Steel Moving Rapidly in Salt Solutions 
and Natural Waters. F. Wormwell, T. J. Nurse, and H. C. K. 
Ison. (J. Appl. Chem., 1953, 3, June, 275-280). The use of a 
high-speed rotor apparatus for corrosion tests at speeds of 
32-7 ft./sec. (about 20 knots) on uncoated specimens is 
described. The passivity, characterized by relatively noble 
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solution, and sea water has been studied. Mild steel corrodes 
more rapidly with increasing concentration of NaCl up to the 
maximum value (0-5.N) investigated. Corrosion in sea water 
is heavy but less than in 0-5N NaCl.—nr. A. R. 

Analysis of Variability in Accelerated Corrosion Testing 
Cabinets. V. V. Kendall. (Yearbook Amer. Iron Steel Inst., 
1953, 215-233). The author presents the results to date of 
the work of the Amer. Iron Steel Inst. Technical Committee 
on Protective Coatings on the reproducibility obtainable in 
spray or humidity test cabinets for accelerated corrosion 
testing. Definite directions are put forward for the operation 
of any corrosion-testing cabinet and its comparison with any 
other cabinet.—c. F. 

The Influence of Absolute Sample Dimensions on Adsorption 
and the Corrosion Fatigue of Steel. G. V. Karpenko and A. V, 
Karlashov. (Doklady Akademii Nauk S.S.S.R., 1953, 92, (3), 
603-605). [In Russian]. To clarify the influence of the 
dimensional factor during the operation of machine parts 
working under cyclic stresses in liquid media, a number of 
experiments were made to determine the limiting fatigue 
strength of steel in a neutral atmosphere (air) and in 
adsorption-active media, and the ultimate tensile strength 
in a corrosive medium. <A low-carbon 0-88°,-Cr steel was 
used and the corrosive media were activated oleic acid and 
river water. With increasing diameter of specimen the 
influence of the medium decreases.—v. ( 

Corrosion-Fatigue Failure of a Marine Propeller Shatt. 
C. A. Zapffe. (Corrosion, 1953, 9, Sept., 298-302). A particu- 
larly clear example of corrosion-fatigue is used to introduce 
a generalized thermodynamic theory of this type of failure. 
New terminology is suggested for precise description of 
fracture.—J. F. S. 

The Behavior of Alkali Hydrogen Fluorides, Particularly of 
the Hydrogen Fluoride Mixture ‘‘ WB,” on Iron. B. Schulze. 
(Werkstoffe u. Korrosion, 1953, 4, Oct., 349-356). The recent 
introduction of wood-preservatives based on alkali hydrogen 
fluorides, has promoted interest in their corrosive effects. 
The results are given of corrosion tests on steel immersed 
in solutions of these compounds, exposed to their vapour or 
embedded in wood that had been impregnated with them. 
Solutions of ammonium hydrogen fluoride proved much more 
corrosive than those of potassium hydrogen fluoride but the 
proprietary solution ‘‘ WB,,” which presumably consists of a 
mixture of both plus an inhibitor, did not increase the cor- 
rosion of steel screws embedded in wood that had been 
impregnated with it.—J. c. H. 

The Inhibition of the Corrosion of Iron by Some Anodic 
Inhibitors. M. J. Pryor and M. Cohen. (J. Electrochem. Soc., 
1953, 100, May, 203-215). Solutions containing oxidizing 
anions such as [NO,] ~ — passivate iron in aerated and de- 
aerated solutions, but non-oxidizing anions passivate only in 
aerated solutions. Weaker oxidizing agents (tungstate and 
molybdate) do not prevent corrosion in de-aerated solutions 
although potential-time and polarization curves indicate that 
film formation occurs. After gravimetric, X-ray and polariza- 
tion studies, it is concluded that dissolved oxygen is responsible 
for passivity by forming a self-healing film of y-Fe,O,, 200 A. 
thick. Oxidizing inhibitors assist by repairing the film at 
discontinuities during the initial stages of its formation. 

Amount of Oxygen on the Surface of Passive Stainless Steel. 
H. H. Uhlig and 8. 8. Lord, jun. (J. Electrochem. Soc., 1953, 
100, May, 216-221). To determine whether the oxygen layer 
on stainless steel is of relatively thick oxide or consists of an 
adsorbed film, pickled samples were immersed in oxygenated 
water. The decrease in dissolved oxygen was a measure of 
the oxygen pick-up by the metal. Calculation showed that 
the ,oxygen pick-up is equivalent to a film of chromic oxide 
17 A. thick, or a mono-layer over which a close-packed array 
of oxygen atoms is adsorbed. Thicker oxide films isolated 
by previous workers are considered to have been formed by 
reaction of the adsorbed film with the metal during abrasion 
or by the stripping solutions employed. It is of secondary 
importance in accounting for passivity.—a. D. H. 

Cathodic Protection of Underriver Pipe Lines. C. C. Loyd 
and J. R. Whitney. (Corrosion, 1953, 9, Sept., 303-306). 
Cathodic protection is being afforded to one 12-in. and six 
8-in. oil pipelines under the Mississippi River. A current 
density of 3-5 milliamp./sq. ft. was taken to be the minimum 
requirement for full protection. To achieve this over the 
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52,000 sq. ft. of pipe, one 100-amp., 30-V. rectifier, and a 
system of 44 or 45 graphite anodes was installed on each 
bank. The mutual interference between anodes caused a 
current flow to midstream where pipe-to-soil measurements 
on the banks indicate there is overlapping protection.—J. F. s. 


Cathodic Protection Can Save Chemical Process Equipment. 
L. P. Sudrabin. (Chem. Eng., 1953, 60, May, 196-200). After 
a brief description of the mechanism of cathodic protection, 
and the anode materials used, the application to buried pipe- 
lines and tanks, purifying equipment, condenser and heat 
exchanger water boxes, and docks is outlined.—D. L. c. P. 

Packaged Corrosion Losing to VPI. W. R. Wolfe. (Steel, 
1953, 188, Oct. 26, 132-135). The advantages and limitations 
of an anti-corrosion agent available in America are described. 
It is the chemical dicyclohexammonium nitrite, known as 
‘dichan,’ ‘ VPI’ or ‘ VCI.’ Large or small ferrous parts can 
be protected indoors or outside. It is economical to use in 
many cases, in the form of crystals, impregnated paper, or 
surface coating. Its durability under various atmospheric 
conditions is described, and the results of some protection 
tests given.—D. L. C. P. 

Intergranular Corrosion of Ferritic Stainless Steels. KR. A. 
Lula, A. J. Lena, and G. C. Kiefer. (Amer. Soc. Metals, 
35th Annual Convention, Preprint No. 32, 1953). The ferritic 
stainless steels with chromium contents between 16 and 28°, 
become susceptible to intergranular attack in acidified copper 
sulphate (Krupp solution), 65°, boiling HNO, and HNO,-HF 
acid mixtures when rapidly cooled from temperatures above 

1700° F. Additions of titanium or niobium are not effective 
in preventing sensitization, although they do raise the sensi- 
tizing temperature, and steels with carbon contents as low 
as 0-009°%, are not immune. In welded samples, the zone of 
attack includes the weld metal and the heat-affected zone 
immediately adjacent to the weld. The susceptibility to 
intergranular attack of the ferritic steels is not dependent 
on the presence of austenite as previously supposed, and is 
attributed to the precipitation of a carbide or nitride phase 
from ferrite. It can be removed by a short-time annealing 
treatment between 1200 and 1500° F.—1s. o. L. 

Casing Corrosion in West Texas, New Mexico. R. L. Elkins. 
(Corrosion, 1953, 9, Sept., 321-324). In the oil industry 
internal casing corrosion in the upper gas-filled portion of the 
tubing-casing annulus is a serious and widespread problem. 
Corrosion results from the absorption of acid gases in water 
condensed on the casing. It can be controlled by packing off 
and filling the anulus with inhibited oil or mud. Costs of 
failures and control methods are discussed.—J. F. s. 

Corrosion of Casing in Oil and Gas Wells. J. Battle. 
(Corrosion, 1953, 9, Sept., 313-320). The annual cost of oil- 
well casing repairs due to corrosion failures in the Gulf Coast, 
East, West, North and South-West Texas, and Mississippi 
Fields is estimated at over 2 million dollars. Stray currents 
and acidic waters and gases are the main causes of failure. 
Bacteria may also play a part. Installation of insulating 
flanges, fillings of highly alkaline muds or gels at corrosive 
spots, and cathodic protection are used to prevent external 
corrosion while internal attack is controlled by inhibitors. 
Methods of repair are described in detail with estimates of 
cost.—J. F. S. 

Studies on Water-Dependent Corrosion in Sweet Oil Wells. 
H. E. Greenwell. (Corrosion, 1953, 9, Sept., 307-312). Two 
types of corrosion are recognized in sweet oil wells. High 
pressure corrosion occurs with as little as 0-1°, water in the 
oil often from the start of operations. Low pressure, or water- 
dependent, corrosion does not begin until a critical per- 
centage, usually greater than 40, of water is exceeded. 
Causes, controlling factors, occurrence, and severity are 
discussed for both types. Adsorptive inhibitors and wetting 
agents added to the oil have controlled the water-dependent 
kind successfully.—J. F. s. 

* Porenrostschutz ’—-a New Solution of the Problem of 
Rust Protection. J. Stepanek. (Osterr. Masch. Elektrowirt- 
schaft, 1953, 7, Oct., 298-302). The author first points out 
that micro-defects in the steel surface, too small to be 
adequately filled by ordinary paints and lacquers, together 
with films of moisture which form under the protective sur- 
face, lead to the failure of these coatings. After discussing 
the possibilities of producing a sufficiently uniform surface, 
and describing the use of organic protective coatings, the 
author deals with methods of passivating the surface.—t. D. H. 
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Note on the Protection of Mild Steel by Films of Lanolin. 
E. G. Stroud and J. E. Rhoades-Brown. (J. Appl. Chem., 
1953, 3, June, 287-288). It is shown that, where lanolin is 
used for the temporary protection of steel and is applied in 
solution in white spirit or mineral oil, the concentration in 
either solvent must not fall below 12-5°,, by weight if efficient 
protection is to be achieved.—R. A. R. 


ANALYSIS 


A i ag OTE for Examining Spectrographic 
Plates. . North. (J. Sci. Instruments, 1953, 30. Oct., 366-— 
369). : be snch-mounted projector comparator is dese sribed., 
by which two 10 4 in. spectrographie plates may be com- 
pared. The magnification of the comparison plate is adjustable 
between 19 and 21, and a marker is provided for the plate 
being compared. The mechanical details are described and 
illustrated.—t. D. H. 

Spectrum Analysis of High-Alloy Steel. G. 1. Misharin and 
K. A. Sukhenko. (Zavodskaya Laboratoriya, 1950, 16, (10), 
1256-1260). [In Russian]. Consideration is given to problems 
involved in the rapid spectral determination in high alloy 
steels of chromium (18—25°,), manganese (0-2-1-0°,), nickel 
(8-125 silicon (0-5-2-0%), molybdenum (0-10-0-5°,), 
titanium 3 (0-02-0-25°.), and vanadium = (0-02—0-25°,). 
Curves showing the effect of annealing time on the intensity 
of the pairs of lines used in the determination of each element 
are presented. Working curves are drawn and are related 
to the methods of preparation and structure of the correspond- 
ing standards. A photometric analytical technique is recom- 
mended whereby each of the seven elements can be determined 
in 15 to 20 min.—s. kK. 

Cryolite Method for the Determination of Aluminium in 
Complex Alloy Steels and Other Alloys. I. V. Tananaev and 
P. Ya. Yakovlev. (Zavodskaya Laboratoriya, 1950, 16, (10), 
1155-1161). [Im Russian]. An account is given of a gravi- 
metric method for the determination of aluminium in steels 
as well as in iron and nickel-base alloys containing chromium, 
molybdenum, tungsten, vanadium, zirconium, niobium, and 
titanium. The aluminium is precipitated as cryolite and test 
data are presented showing the effect of each of the above 
elements on the precipitation. Results of aluminium 
determinations in steels and alloys by the cryolite method 
agree well with those obtained by the slower mercury- 
cupferron method.—s. k. 

Photocolorimetric Determination of Vanadium in High- 
Temperature Alloys. A. A. Tikhonova. (Zavodskaya Labora- 
toriya, 1950, 16, (10), 1168-1170). [In Russian]. The photo- 
colorimetric method described for the determination of 
vanadium in heat-resisting steels is based on the formation 
of a yellow phospho-tungsto-vanadium complex of unknown 
structure. Determinations can be carried out in the presence 
of titanium and molybdenum. To separate vanadium from 
manganese, the former is quantitatively precipitated with 
zine oxide. Preliminary separation of vanadium and iron 
from other elements by precipitation with ammonia after 
oxidizing chromium is sometimes advisable. An aqueous 
solution of ammonium vanadate containing 0-2 mg. of 
vanadium per ml. is used as the colorimetric standard.—s. kK. 

Determination of Niobium Carbide in Steels. M. M. Popova 
and A. F. Platonova. (Zavodskaya Laboratoriya, 1950, 16, 
(10), 1182-1185). [In Russian]. In the investigation reported, 
the conditions for the separation of niobium carbide and 
metallic niobium with the aid of hydrofluoric acid were 
studied, and a method for determining niobium existing as 
the carbide in steels was developed.—s. kK. 

Notes on the Determination of Carbon in Free-Machining 
Steels. K. Swoboda. (Radex Rundschau, 1953, (1), Jan.. 
25-27). In using the volumetric method for determining the 
carbon content of high-speed tool steels, sulphur dioxide must 
be eliminated. Occasional failure of eliminators led to an 
examination of their absorptive capacities. Solutions of 
chromic and sulphuric acid, potassium permanganate in 
sulphuric acid, and silver nitrate solutions were examined and 
results are discussed. The last two groups were found more 
satisfactory than the first.—kr. c. 

Spectral Method for the Quantitative Determination of 
Silicon and Carbon in Malleable Cast Iron. V. L. Abramov, 
V. T. Bogdanova, and K. I. Taganov. (Zavodskaya Labora- 
toriya, 1950, 16, (10), 1218-1224). [In Russian]. An account 
is given of the apparatus and 2B ras for the successive 
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determinations of silicon and carbon in malleable cast iron. 
The effects of burning during sparking and of heat-treatment 
of specimens on the results are also considered in the light 
of metallographic data. Results of two series of determina- 
tions with annealed and unannealed specimens are presented 
showing the increase in the scatter due to annealing. Working 
curves for carbon and silicon in white cast iron are shown. 
The time required for a complete determination is said to 
be 20-24 min.—s. K. 

Spectral Analysis of Aluminium in Steels. E. 8. Kudelya. 
(Zavodskaya Laboratoriya, 1950, 16, (10), 1224-1228). [In 
Russian]. A method is described for the spectral determina- 
tion (accurate within -+- 2%) of small concentrations (0-01-— 
1-00%) of aluminium in steels and welds. The lines Al 
3082-16 and Fe 3083-74 A. were used. The results were found 
to be the sum of metallic and combined aluminium. Greater 
accuracy was obtained with a condensed-spark than with 
A.C. are-produced spectra. Accuracy was also affected by 
the duration of preliminary sparking, 15-20 sec. being the 

‘ optimum duration. Variation in aluminium content in- 
fluenced the dimensions of the sparked spot, the size decreas- 
ing with increasing concentration.—-s. K. 

Determination of Small Contents of Boron in High-Tempera- 
ture Alloys. A. G. Komarovskii. (Zavodskaya Laboratoriya, 
1950, 16, (10), 1228-1230). [In Russian]. The spectral 
determination of boron in high-temperature alloys and alloy 
steels was investigated using specimens covering a wide range 
of compositions of alloying elements and boron contents of 
0-003 to 0-15%. The lines B 2496-778 and Fe 2493-25A. 
were used with photometric interpolation giving relative 
errors of + 2-8%. Working curves, including one for ordinary 
steel, are presented.—-s. K. 

Application of Echelle Spectrographs to Quantitative 
Analysis of Boron in Steel. W. C. Kirchgessner and N. A. 
Finkelstein. (Analy. Chem., 1953, 25, July, 1034-1038). The 
applicability of echelles to the Fe 2497-820 A. and B 2497- 733 
lines in steel has been investigated.. Using two instruments A. 
incorporating this new optical element, a separation between 
these lines of 0-28 mm. is obtained at the photographic plate. 
Analyses at concentrations down to 0-0006% have been 
performed and a resolving power of the order of 150,000 is 
possible with ordinary are and spark sources.—a. G. 

Determination of Copper in Steels by Internal Electrolysis. 
Lamberto-A. Rubio Felipe. (Inst. Hierro Acero, 1953, 6, 
July-Sept., 259-264). [In Spanish]. The author reports the 
experimental results obtained by an internal electrolysis 
method in the determination of copper in steels. This method 
is suitable for determining up to 20 mg. of copper. The results 
are reproducible and the differences in the values obtained 
amount to only 0-:2-0-3 mg. The results obtained by this 
method are comparable with those achieved by the usual 
chemical methods in spite of the fact that much less time 
is required.—R. S. 

The Polarographic Determination of Niobium in the Presence 
of Tantalum—Analysis of Niobites and Tantalites. 8S. Vivarelli 
and D. Cozzi. (Chim. e Indust., 1953, 35, Sept., 637-638). [In 
Italian]. The authors suggest a method for the determination 
of niobium, based on the possibility of obtaining a polaro- 
graphic wave of the niobium reduction in strong hydrochloric 
acid. In these conditions tantalum is not reducible and 
no preliminary chemical separation is therefore necessary. 
(15 references).—M. D. J. B. 

Spectrographic Analyses of 18-8 Stainless Steel for Cobalt, 
Manganese, and Stabilizing Elements. N. E. Gordon, jun., 
R. M. Jacobs, and M. C. Rickel. (Analy. Chem., 1953, 25, 
July, 1031-1034). A spectrographic method is described for 
the determination of cobalt, manganese, and _ stabilizing 
elements in stainless steel. A salt technique is used with an 
A.C. are. An accuracy of + 10% is attainable and standards 
may be synthesized from pure metals and analytical reagents. 

On the Use of a Micro-Analyser for the Determination of 
Oxygen in Pure Iron. L. Moreau, J. Talbot, and J. Bourrat. 
(Rev. Mét., 1953, 50, Nov., 775-780). A micro-reduction 
fusion apparatus is described using a 1-g. sample on which 
oxygen contents of 0- 0005-0: 25% oxygen may be determined. 
The oxygen is converted to carbon monoxide which is burnt 
in the oxygen on a platinum spiral. The CO, produced is 
condensed at the temperature of liquid nitrogen and measured 
at constant volume. Sources of error in the determination 


are discussed.—A. G. 
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Potentiometric Polarography. R.N. Adams, C. N. Reilley, 
and N. H. Furman. (Analy. Chem., 1953, 25, Aug., 1160-1164), 
Polarograms at solid electrodes have been obtained by a 
reversal of the conventional technique, using manually con. 
trolled current scanning and observation of the voltage with 
a continuously indicating pH meter. This method eliminates 
time maxima and is preferable for fairly concentrated solu- 
tions. Linear concentration and diffusion current conditions 
appear to exist and a rapid polarographic procedure for ferric 
iron in synthetic iron ore mixtures has been developed. For 
simple iron oxides results were within 1% of the true iron 
content.—aA. G. 


Photometric Determination of Columbium, Tungsten, and 
Tantalum in Stainless Steels. L. Ikenberry, J. L. Martin, and 
W. J. Boyer. (Analy. Chem., 1953, 25, Sept., 1340-1344). 
The increased use in stainless steels of ferroniobium containing 
5-25% tantalum makes it necessary to determine this latter 
element as well as niobium. These two elements and tungsten 
are separated as a group by conventional hydrolysis. Niobium 
and tungsten are determined by additive absorbancies, using 
the colour reaction with hydroquinone, and tantalum using 
the colour reaction with pyrogallic acid. The scheme is 
applicable to mixed oxides such as ores and slags.—a. c. 


Spectrographic Determination of Nickel and Cobalt Contents 
in Bright Nickel Baths. M. Scalise. (Metal. Ital., 1953, 45, 
May, 170-174). The author describes the positive results 
obtained in efforts to find a convenient spectrographic method 
for determining nickel and cobalt in solution. The method 
makes it possible to examine analytically the principal 
constituents as well as the impurities in ‘ bright nickel’ 
solutions.—m. D. J. B. 


Semiquantitative Spectrographic Method for Analysis of 
Minerals, Rocks, and Ores. C. L. Waring and C. S. Annell. 
(Analy. Chem., 1953, 25, Aug., 1174-1179). The semi- 
quantitative method described determines 68 elements in one 
arcing of a 10-mg. sample. Each determination is reported 
as a concentration range 0-001-0-01, 0-01-1%, ete. A check 
on 500 such determinations showed 92% agreement and the 
remainder only one range out. The method detects low 
concentrations and is rapid, requiring a minimum of sample 
handling.—a. a. 


Spectral Method for the Analysis of Iron Ores. P. D. Korzh. 
(Zavodskaya Laboratoriya, 1950, 16, (10), 1215-1218). [In 
Russian]. A spectrum method is described which has been 
applied to the determination in magnetite of total iron, lime, 
silica, alumina, magnesia, and manganese oxide in the 
respective concentration ranges of 50-68%, 0-3-5:0%, 1-0- 
12-0%, 0-5-5:0%, 0-3-1-0%, and 0-3-1-0%. The spark 
is produced by the Raiskii system and the ore, ground to 
200-mesh, briquetted with copper of the same size, forms one 
electrode, the other being copper. Working curves for each 
element, obtained with standard samples of magnetite, are 
presented. These curves are not applicable to other types 
of ore.—s. K. 

Determinations of Various Forms of Sulphur in Rocks and 
Ores. A. T. Chernyi and K. V. Podoinikova. (Zavodskaya 
Laboratoriya, 1950, 16, (10), 1189-1192). [In Russian]. A 
method involving iodimetric titration and fusing with metallic 
calcium is described; it has been successfully applied to 
the determination of sulphide and sulphate sulphur in a 
number of iron-bearing and other ores.—s. K. 


ECONOMICS AND STATISTICS 


Importation of Iron Ores into England. L. Barreiro. (Bol. 
Min. Industr., 1953, 32, Aug.-Sept., 411-412). [In Spanish]. 
The author briefly traces the changes in imports of iron ores 
by England since 1853. New developments in West Africa 
are mentioned.—Rk. s. 

Some Economic Aspects of the European Steel Industry. 
M. J. Layton. (Yearbook Amer. Iron Steel Inst., 1953, 160- 
179). The author discusses certain economic aspects of the 
European steel industry, dealing mainly with the O.E.E.C. 
(Office of European Economic Co-operation) countries, and 
examines the future demand for steel. He reviews Western 
Europe’s capacity to meet the demand, and examines the 
conditions in which the European industry is operating, the 
problems involved, and the arrangements being made to 
tackle these problems.—c. F. 
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New Rise of the Metallurgical Industry of the Soviet Union. 
(Technik, 1953, 8, Aug., 513-515). Statistics of the Soviet 
steel industry are quoted up to and including 1952, to illustrate 
the high rate of development since the revolution. Reference 
is also made to targets of expansion in the current five-year 
development plan. Productions per square metre of open- 
hearth furnace in 1933, 1940, and ten months of 1952 were 
2-29, 4-37, and 6-18 metric tons respectively.—J. G. w. 


MISCELLANEOUS 


The Work of the Iron and Steel Institute. J. Mitchell. (ron 
Coal Trades Rev., 1953, 167, Nov. 6, 1051). The author 
outlines the work of the Iron and Steel Institute and discusses 
the ways in which its objects are carried out. The present 
international status of the Institute, and the extent and 
diversity of its field of work, are indicated.—c. F. 

A Half Century in Steel. T. M. Girdler. (Yearbook Amer. 
Iron Steel Inst., 1953, 71-79). The author presents personal 
reminiscences of the 50 years which he has spent in the steel 
industry, and predicts that the improvements made in that 
time are only introductions to those ahead.—c. F. 

Dust Problems in Steelworks. K. Guthmann. (Stahl u. 
Eisen, 1953, 78, Nov. 5, 1512-1522). The use of oxygen in 
converters and steel melting furnaces is accompanied by the 
unwelcome production of much dust pollution. The present 
report gives comparative data on actual and permissible 
dust concentrations in different industrial waste gases and 
the legal requirements in foreign countries, and reviews the 
means for dust removal employed in American steelworks. 
The difficulty in cleaning waste gases lies in the avoidance 
of entrained or extra air in order to keep the gas to be cleaned 
to the lowest possible amount, as otherwise the fine-dust 
removal plants become uneconomic. The interrupted working 
of converters and oxygen lancing in the electric and open- 
hearth furnaces also causes difficulties in dust removal. Waste 
gases at temperatures above 1000°C. must be cooled to 
100-200° C. before dust removal; this can be achieved by 
water spraying. CO in the gases must be burned to CO, 
before applying gas cleaning.—J. P. 

Filter Efficiency and Standardization of Test Dust. H. Hey- 
wood, (Proc. Inst. Mech. Eng., 1952, 1B, (5), 169-174). The 


basic theory for the efficiency of air cleaners and filters is 
developed. The intrinsic efficiency is a characteristic of the 
filter and conditions of operation, is independent of the size 
composition of the entrained dust, and is expressed by a 
graph of collection efficiency for individual particle size. 

Accident Prevention in the Iron and Steel Industry: A 
Review of Experience at Appleby-Frodingham Steel Company 
(Branch of the United Steel] Companies, Limited). W. Geary 
and G. W. Wells. (Iron Coal Trades Rev., 1953, 167, Nov. 6, 
1053-1058; Nov. 13, 1123-1126). The authors discuss the 
nature of accidents occurring in the iron and steel industry, 
referring to the experience of the Appleby-Frodingham Steel 
Co. Accident prevention measures adopted at these works are 
reviewed and the consequent reduction in the number of 
accidents is indicated. Further improvements which could 
still be made are outlined.—c. F. 

Safety in the Metal Industry. K. Schiirmann. (Metall, 1953, 
7, Sept., 717-721). Recent developments of safety devices 
and procedures in melting and casting, metal working, 
handling and transport, hardening, degreasing, and welding, 
are reviewed.—J. G. W. 

Statistical Quality Control at Detroit’s Ternstedt Division. 
B. W. Pocock. (Products Finishing, 1953, 18, Nov., 24-42). 
The introduction of quality control methods at a General 
Motor Corporation’s factory is described. Details are given 
of a training course, and the reactions of management and 
workers to the system.—A. D. H. 

Correction Tables for Flow Measurement with Differential 
Pressure Meters. T. Eggert. (Technik, 1953, 8, Aug., 543- 
554). Formule for different types of flowmeter according 
to DIN standards, are quoted and correction tables, graphs, 
and nomograms are quoted for gases and liquids, which allow 
for pressure variations and moisture content. The use of the 
data is discussed with reference to instrument precision and 
approximations commonly used are critically examined. 

A Plea for the Improvement of Technical Language. M. 
Rousseau. (Rev. Univ. Min., 1953, Series 9, 9, Nov., 762- 
773). The author discusses the technical language used today 
with special reference to mechanical and electrical subjects, 
and suggests numerous improvements which could be made. 
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FUR SOCIALWIRTSCHAFT DER WIRTSCHAFTS- 
VEREINIGUNG EISEN- UND STAHLINDUSTRIE. ‘‘ Analyse 
und Bewertung von Angestelltentdtigkeiten.”” (Sozialwirt- 
schaftliche Schriftenreiche, Heft 5.) Bearbeitet im 
Fachausschuss ‘‘ Arbeitstudien, Arbeits- und Leistungs- 
bewertung ”’ vom Hans Euler, Hans Stevens, Fritz Schilling, 
Rudolf Schoppe, mit einer arbeitspsychologischen Ein- 
fiihrung von Erwin Bramesfeld. Folio, pp. 88. Illustrated. 
Diisseldorf, 1953: Verlag Stahleisen m.b.H. (Price 
DM 12.50) 

This publication, on the analysis and assessment of 
non-manual occupations, is No. 5 in a series of papers on 
social-economic subjects sponsored by the Ausschuss fiir 
Sozialwirtschaft (Committee on Social Problems) of the 
Wirtschaftsvereinigung Eisen- und Stahlindustrie (roughly 
equivalent to the British Iron and Steel Federation). 

It is an important and thorough study of the application 
of job evaluation to the work of superintendents and works 
foremen, research, experimental, technical and design 
employees (other than operatives), draughtsmen, tracers, 
medical staff, and company and works office staff, clerks, 
and typists. It is written in the light of experience obtained 
in Germany over the last few years with job evaluation 
schemes for manual workers, especially in the iron and 
steel industry—schemes which the authors say have been 
successfully applied in many works. 

The report begins with a most helpful summary of all 
the main points discussed for ‘‘ the reader who is pressed 
for time.” The subject matter is then presented in four 
main parts: Fundamental Considerations, Criteria of 
Assessment and Evaluation, Practical Application of Job 
Evaluation, and 71 Examples of Job Descriptions. 

The first presents the case for job evaluation of staff 
grades and discusses the occupations which can be evaluated, 
the special requirements for non-manual workers compared 
with manual workers, and the problem of weighting. 

The second deals with job analysis and the basis of job 
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assessment, the emphasis throughout being on the diffi- 
culties of a job. It describes the main job factors and their 
sub-factors under the headings of job knowledge (qualifica- 
tions, experience); physical requirements (skill, effort); 
responsibility for the production process (machine and 
labour performance), and for safety and health of other 
employees; mental requirements (alertness, application); 
executive and analytical ability, e.g., ability to secure the 
co-operation of others, to plan work); supervisory activities 
and working environment (dust, dirt, damp, temperature, 
and noise). 

The third explains the steps for successful application of 
job evaluation; first, the instruction of management and 
workers in the value and practice of evaluation, next the 
establishment of Joint Assessment Committees on which 
management and labour are represented equally, then the 
preparatory work, selection, and compilation of job lists 
and job descriptions. It ends with a useful glossary of 
the key technical terms, without which a work on job 
evaluation is hardly intelligible. 

The fourth and last part consists of 71 descriptions of 
administrative, technical, clerical, and supervisory jobs, 
selected from offices, and finishing and maintenance 
departments, and gives examples of job assessment charts. 

The paper is very well illustrated throughout with ample 
tables and graphs and, if translated, would be of con- 
siderable interest to all concerned with job evaluation in 
this country.—B. C. J. WATERS. 

AUSSCHUSS FUR SOZIALWIRTSCHAFT DER WIRTSCHAFTSVEREIN- 
IGUNG EISEN- UND STAHLINDUSTRIE. ‘ Der Altersaufbau 
der Belegschaft der Eisen- und Stahlindustrie in der Bundes- 
republik Deutschland am 1. Dezember 1952.”  (Sozial- 
wirtschaftliche Schriftenreihe, Heft 4.) Bearbeitet von H. 
Euler. Folio, pp. 81. Illustrated. Diisseldorf, 1953: Verlag 
Stahleisen m.b.H. (Price DM 3.60) 

This is a report on an inquiry into the age structure of 
employees in the West German iron and steel industry. 
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The inquiry, which related to December Ist, 1952, was the 
fourth to be undertaken by the industry since the war. 
It took the form of a questionnaire sent to members of the 
central trade organization and covered 90-5°% of the total 
employment of 284,048. 

The report consists of a clearly written six-page summary 
and interpretation of the results, followed by five detailed 
tables and nine graphs. Separate analyses—by one-year 
intervals from 14 to 65, with an additional over-65 group— 
are given for males, females, and severely disabled; for 
operatives, classified by degree of skill; for commercial, 
technical, and supervisory employees; and for several 
categories of apprentices. 

The average age of all employees was 38-6 and that of 
operatives (“* Arbeiter ’’) 38-2, compared with 43 in 1947 
and 36 in 1936. The frequency distribution was irregular, 
with the highest peak at 24, a lower peak at 50-51, and a 
deep trough at the 34-36 range. This is attributed to the 
effect of World War I on the birth-rate and to the casualties 
of World War II. The housing shortage and the difficulty 
of integrating refugees from the East are also blamed for 
the uneven age structure and for the relatively high average 
age; but the outlook for the future in both respects is 
regarded as promising. 

The non-operatives or ‘staff’ (‘‘Angestellte ’’)—who 
represented 13-9% of the total labour foree—are divided 
into commercial employees (56-8%), technical employees 
(30-3%), and supervisors (12-9%). The first and third 
of these groups have been contracting, proportionally, since 
1949, while the second has been expanding. The age 
structure of the supervisors (‘‘ Meister’’) is seen as the 
most serious problem: only 1-4°% were under 35, while 
64-7 were 50 years or older, the average age being 52-2. 

Readers of this study—unless they belong to the German 
steel industry—will miss precise definitions, not only of 
the industrial coverage, but also of key terms and categories; 
e.g., it is not clear whether and where administrative 
employees and departmental managers are included, and 
what exactly the description ‘‘ Meister’’ covers. This is 
nonetheless a creditable and, on the whole, successful 
attempt by an industry to perform a task for which most 
Governments seem to require a full-scale census of the 
population.—P. WYKEMAN. 


Cuaussin, C., and G. Hitty: “ Métallurgie.”’ Préface de P. 
Chevenard. Tome II. ‘ Elaboration des Metaux.” 2e 
édition. La. 8vo, pp. xiii + 202. Illustrated. Paris, 1954: 
Dunod. (Price 880 fr.). 

This book provides an excellent account of the basic 
processes in extraction metallurgy in a clear and concise 
form. The first section is devoted to a general discussion 
on the classification of ores and on the various methods 
available for their extraction and refining. Different 
preliminary treatments are next considered, including 
crushing, magnetic and flotation concentration, and such 
thermal processes as calcination and agglomeration. Here 
it is perhaps misleading to describe the Dwight-Lloyd sinter 
plant mainly under the heading of sulphur removal when 
its main use is for the agglomeration of fine iron ores. 

The second section of 100 pages deals with ferrous 
metallurgy and gives a generally good account of blast- 
furnace theory and practice and of the manufacture of steel 
and ferro-alloys. In the chapter on blast-furnace theory 
the authors suggest that slag formation should not begin 
until the bulk of the ore has been reduced to iron so as to 
minimize ferrous silicate formation. The large amount of 
stack reduction necessary is rarely attainable in practice 
and a few pages later it is stated that considerable reoxida- 
tion occurs at the tuyere zone, which will produce ferrous 
silicate in any case. On the practical aspects of ironmaking 
the few faults that exist are mainly the result of over- 
simplification—for example, the statement that the angles 
of repose of ore and coke are 35° and 26°, respectively, 
whereas in fact these angles are dependent on a number of 
factors including lump size, moisture content, height of fall, 
and bell clearance. The book goes on to treat the three 
main steelmaking processes (Bessemer, open-hearth, and 
electric) quite adequately, although with rather a practical 
bias. A final section of 40 pages has been allotted to treat 
both non-ferrous and powder metallurgy. This limitation 
of space has meant that only a few pages on each of the 
most important metals are provided, but this is presumably 
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related to the small volume of non-ferrous metal production 
in France. Shortage of space may also explain the absence 
of any reference to such recent developments as the 
pelletizing of iron ores, or the use of high top pressures 
and oxygen-enriched blast in blast-furnace operation. 

The book is well illustrated with many line diagrams and 
a set of examples with numerical answers is provided. It 
could prove a most useful textbook of basic information 
for any student not handicapped by the language problem, 

A. GRIEVE. 
“* Fabricated Materials and Parts.” 
8vo, pp. v -+ 332. Illustrated. New York, 1953 : Reinhold 
Publishing Corporation. (Price 52s.). 

This book deals with 20 major methods of making small 
industrial parts. It was written specifically for design, 
production, project, and materials engineers, who, knowing 
what their products must do, are faced with the task of 
choosing the soundest and most economical method of 
manufacture. This problem is well illustrated when one 
considers the production of, for example, turbine buckets 
for aircraft jet engines. Many methods of manufacture 
have been tried and are at present being used, such as 
precision forging, powdered metals, investment casting, 
upset forging, and machining and grinding. Each method 
has advantages under certain circumstances. It would, of 
course, be an impossible task to present in a volume of 
this size full details of 20 processes together with details 
of the design and manufacture of small parts. Rather it 
is the author’s aim to bring together in easy-to-use form 
sufficient information to enable the reader to eliminate 
those methods which cannot be used, and to focus attention 
upon those which merit further consideration. To this 
end three short preliminary chapters are devoted to a 
general discussion of manufacturing method selection, with 
particular reference to the influence of the material, shape 
of the part, quantities required, costs (material, tools, 
labour, finishing, etc.), mechanical properties, size, precision 
and tolerance, and other special design factors. Then 
follow 20 chapters in each of which a manufacturing method 
is analysed individually under the above headings. The 
advantages and disadvantages are listed in each case. The 
methods and types of part considered are: Sand, permanent 
mould, plaster mould, die, and investment casting; drop, 
press, and upset forging; cold heading; stampings and press- 
formed parts; impact extrusion; extruded shapes; powder- 
metal parts; spun shapes; screw machine parts; electro- 
forming; sectioned tubing; welded, brazed, and adhesive 
bonded assemblies; moulded plastics; and formed non- 
metallic materials. There are many useful tables indicating 
the suitability of materials for the various processes, and 
their resulting mechanical properties. Numerous photo- 
graphs show typical parts made by each process. It must 
be emphasized that, owing to the scope of the book, the 
treatment is very general, and it is rather surprising that 
no references are given to enable the reader to study in 
greater detail the processes and methods which particularly 
interest him.—P. M. Cook. 


Gmelins Handbuch der anorganischen Chemie.” 8. Auflage. 
System-Nummer 9: ‘*Schwefel.” Teil A, Lieferung 3: 
** Bildung und Darstellung. Das System Schwefel. Physik- 
alische Eigenschaften. Elektrochemisches Verhalten. Chem- 
isches Verhaiten. Nichtwdsserige Lésung. Schwefel als 
Losiingsmittel.”” 8vo, pp. xvi + 511-762. Illustrated. Wein- 
heim) Bergstrasse, 1953: Verlag Chemie G.m.b.H. (Price 
DM 142.-) 

Another stage has been completed in the arduous task of 
providing an up-to-date review of the whole field of 
inorganic chemistry. The Gmelin-Institut deserves all 
credit for having produced this present issue, which com- 
pletes Sulphur, Part A. A previous volume (see J. Jron 
Steel Inst., 1953, 174, June, 199) has dealt with the tech- 
nology of sulphur, hydrogen sulphide, sulphur dioxide, 
sulphur trioxide, and sulphuric acid; this one discusses ex- 
haustively the physics and chemistry of elemental sulphur. 
It is indicative of the magnitude of the authors’ labours that 
the world’s literature has been covered up to the end of 1949 
and in some cases even up to 1952. When a book deals 
with such a wide field, and with a thoroughness that is 
now synonymous with the name Gmelin, there is little that 
a reviewer can do except to indicate the subjects discussed 
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BOOK NOTICES 


and to say that anyone concerned with sulphur will find 
something of importance therein. 

A first short chapter describes the laboratory preparation 
and purification of sulphur in its various forms and allo- 
tropic modifications and includes information on the 
enrichment and isolation of stable and radioactive isotopes, 
and a second chapter discusses the phase equilibria and 
pseudo-equilibria between the various modifications. 

The next chapter, on the physical properties of sulphur, 
occupies 148 closely filled pages. A section on the properties 
of the nuclei of the isotopes and the transformations 
induced by bombardment by electrons, neutrons, protons, 
etc., is followed by an extensive survey of the electrical, 
magnetic, and volume properties of the sulphur atom. 
Similar properties of the sulphur molecule are described, 
and this section is noteworthy for the thorough treatment 
of the occurrence of, and equilibria between, the various 
molecular species in gaseous, liquid, plastic, solid, and 
dissolved sulphur. Equally detailed consideration is given 
to the crystallographic structure of, and transformations 
between, the various forms of solid and liquid sulphur and 
to their mechanical, thermal, optical, spectrographic, 
magnetic, and electrical properties. 

The electrochemical behaviour of sulphur and of its 
solutions in organic solvents is covered in a mere four 
pages and its chemical behaviour towards a multiplicity 
of elements and compounds is dealt with only briefly, 
though specifically. This apparently cursory treatment is 
a consequence of the Gmelin system of classification, in 
which compounds are dealt with fully in the volume 
devoted to the element of highest system number. Sulphur 
has a low number, 9, and its compounds with all elements 
except hydrogen, oxygen, nitrogen, and the halogens are 
dealt with in other volumes. The last chapter treats of 
non-aqueous solutions of sulphur, paying most attention 
to solubility and molecular weight in organic solvents. 

Attention has been called previously to the high cost of 
Gmelin volumes. No doubt the number of collaborators 
makes production expensive, but when it is realized that 
prices have been increased so that the present volume costs 
approximately £12, the question is bound to be asked whether 
this is not rapidly leading to a spiral of decreasing sales and 
increasing prices. Some other method of financing the pre- 
paration of these reviews ought to be found.—J. PEARSON. 


GuMBEL, WALTER, and KENNETH Porter, “ The Iron and 
Steel Act, 1953.” With General Introduction and Annota- 
tions. 8vo, pp. v + 97. London, 1953: Butterworth and 
Co. (Publishers), Ltd. (Price 17s. 6d.) 

This book, reprinted from Butterworth’s well-known 
* Annotated Legislation Service,” contains the Iron and 
Steel Act, 1953; the introduction covers the Iron and Steel 
Act, 1949 (the subject of an earlier publication by the same 
authors, see J. Iron Steel Inst., 1951, 167, Apr., 471), the im- 
plementation of that Act, its repeal by the present Act, and 
the general provisions of the present Act. The next part 
of the book discusses this Act in greater detail, for, as is 
well known, repeal of the 1949 Act does not restore the 
conditions existing before it, but subjects the industry to 
a considerable amount of supervision under the Iron and 
Steel Board, appointed by the Minister of Supply. The 
conditions which this state of affairs imposes are given in 
the terms of the Act, and carefully explained, where 
explanation is necessary, by the authors’ notes; these take 
the form of descriptions of the general effect of individual 
sections, followed by elucidation of particular phrases, 
often with reference to other parts of the Act and to other 
legislation. These are fully as valuable as those in the 
authors’ treatment of the 1949 Act. The book concludes 
with the Schedules dealing with the transitional functions 
of the Iron and Steel Corporation, with the Iron and Steel 
Holding and Realisation Agency, and by defining ‘‘ iron and 
steel activities ’’ which the new Board will supervise.—1. P. s. 

Sutty, A. H. “‘Metallurgy of the Rarer Metals. I—Chromium.” 
With a Foreword by H. M. Finniston. 8vo, pp. xii + 272. 
Illustrated. London, 1954: Butterworths Scientific Publica- 
tions. (Price 35s.) 

It may come as a surprise to ferrous metallurgists to 
learn that chromium, one of the commonest alloying 
additions to iron and steel, is classed amongst the rarer 
metals. This apparent anomaly, however, is elucidated by 
Dr. Finniston, the general editor of the series, in his fore- 
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word, where he explains that, apart from the usefulness 
of the rare metals as alloying additions, they have a 
usefulness in their own right. 

In his introduction Dr. Sully explains that chromium is 
difficult to obtain in a state of purity and has only a 
limited usefulness; presumably it is on these accounts that 
it is classed amongst the rarer metals. 

This book of some 270 pages is very well written and 
is pleasing to read. The first two chapters deal with the 
chemical metallurgy of chromium, its distribution, methods 
of extraction and processing for the production of both 
super-purity metal and commercial grades of ferro-alloys. 
Then follows a long chapter dealing with the physical- 
metallurgy of chromium metal, its crystal structure, 
allotropy, melting and boiling points, latent heat of fusion 
and vaporization, thermal expansion, elastic moduli, 
electric resistivity, specific heat, and magnetic and other 
physical properties. Dr. Sully has been actively associated 
with this type of work and this chapter in particular gives, 
in consequence, up-to-date knowledge not hitherto available 
in collected form. There are obvious gaps in our knowledge 
of the properties of pure chromium. Thus, we do not yet 
know the melting point within 50° C., and only the thermal 
conductivity at room temperature is quoted. 

The next chapters deal with melting, casting, work- 
ability, and powder metallurgy, in which considerable 
attention is given to the subject of brittle—ductile transition 
in chromium, a subject on which Dr. Sully is an authority. 

There is a chapter of considerable interest to ferrous 
metallurgists on electroplating with chromium, and the 
properties of chromium electrodeposits, and a very useful 
chapter on chromizing. The final chapter deals with the 
constitution and properties of chromium alloys. The latter, 
however, does not go into very great detail, especially 
where information on these is readily available elsewhere. 

There is very little to criticize in this admirable mono- 


graph. There is an error on page 45, where the equation 
does not balance and should read : 4CrCl, + 30, — 2Cr,O, 
6Cl,. 


It might have been useful to have included in Table IV, 
giving the world production of chrome ore, the approximate 
percentage content of Cr,O, so as to give a better idea 
of the relative production in terms of chromium metal. 

Although the applications of chromium metal are limited 
at the present time by its inherent brittleness, which causes 
Dr. Sully to end his book on a pessimistic note regarding 
the possibility of its future extended use, there is very 
much exceedingly useful information packed into the book 
which will make it essential for all research and reference 
libraries, as well as for others who are interested in 
chromium metal for such practical applications as electro- 
plating, chromizing, or powder metallurgy.—J. WOooLMAN. 


DEUTSCHER EISENHUTTENLEUTE. ** Werkstoff- 
Handbuch Stahl und Eisen.’ Bearbeitet von Karl Daeves. 
3., vollstiindig neu bearbeitete Auflage. 8vo, pp. 680 
(approx.). Illustrated. Diisseldorf, 1953: Verlag Stahleisen 
m.b.H. (Price DM 78.—) 

This is the latest revised edition of the well-known 
handbook on iron and steel, compiled by the V.D.Eh. under 
the general editorship of Dr-Ing. Karl Daeves, from contri- 
butions from such authors as Jellinghaus, Mailander, Siebel, 
Pomp, Rapatz, Burgardt, Janiche, Késter, and others 
whose names will be perhaps, less familiar to British 
metallurgists. It is issued this time in loose-leaf form, in 
a stout and handsome binder, large enough to admit the 
insertion of many more pages, should the development of 
knowledge and technique justify their issue. The contents, 
papers of from 2 to 14 pages long, are divided into groups: 
Generalities, including physical constants, conversion 
tables and so on, Properties and Testing, Irons and Steels 
arranged according to Production and Composition, Steels 
for Specific Uses, and Treatment and Testing of Steel. 
This rather rigid scheme leads to some anomalies, as where 
F. Briihl writes three pages in the fourth section on steels 
for nitriding, and two pages in the fifth on the nitriding 
of steels, or A. Pomp and E. Harke four pages on cold 
formability in the second section, and A. Pomp, alone, 
seven pages on cold-forming in the fifth. Nevertheless, 
the information is valuable and the form of presentation 
suitable for the practical purpose of ready reference to 
accepted views.—4J. P. S. 
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AMERICAN FOUNDRYMEN’S SOCIETY. 
book.” Sixth Edition. 8vo, pp. ix + 265. 
Chicago, 1953 : The Society. (Price 32s. 9d.) 

AMERICAN SocreTY ror TestTinG Marerrats. ‘‘ Methods for 
Emission Spectrochemical Analysis.” Suggested prac- 
tices, suggested nomenclature, tentative methods, sug- 
gested methods. Sponsored by A.S.T.M. Committee 
E-2 on Emission Spectroscopy. 8vo, pp. vii + 309. 
Illustrated. Philadelphia, Pa., 1953: The Society. 
(Price $5.15) 

Bascock AND Wixtcox, Ltp. 
Grate Stoker.” La. 8vo, pp. 26. 
The Company. 

Bascock AND Witcox, Lrp. ‘‘ Water Treatment Manual.” 
First printing 1949, second printing 1951. La. 8vo, pp. 
67. Illustrated. London, 1951 : The Company. 

British [Ron anpD STEEL FEDERATION. ‘ Education and 
Training for Management in the Iron and Steel Industry. 
Sixth Training Conference.” 8vo, pp. 67. With Supple- 
ment : ‘‘ Study Group Reports.” 8vo, pp. 32. London, 
1953 : The Federation. 

BRITISH STANDARD INSTITUTION. 
of Test for Chemical Stoneware.” 8vo, pp. 19.  Illus- 
trated. London, 1953: The Institution. (Price 3s.) 

BRITISH STANDARDS INSTITUTION. B.S. 2056 : 1953. “ Rust, 
Acid and Heat Resisting Steel Wire for Springs.” 8vo, 
pp. 10. London, 1953 : The Institution. (Price 2s. 6d.) 

CasE, S. L., D. D. Moore, C. E. Sms, ann R. J. Lunp. 
““Comparative Economics of Open-Hearth and Electric 
Furnaces for Production of Low-Carbon Steel.” 4vo, 
pp. 77. Illustrated. Pittsburgh, 1953. Bituminous 
Coal Research, Inc. (Price $10) 

DawrnHi, W., and E. Dineuincer. “ Handbuch der Hart- 
metallwerkzeuge.” Eine Anleitung fiir die Werkstatt und 
fiir Fachschulen, Band 1 : ‘“‘ Hertstellung und Anwendung 
von Dreh- und Hobelwerkzeugen.” 8vo, pp. xv + 237. 
Illustrated. Berlin, Gé6ttingen, Heidelberg, 1953: 
Springer-Verlag. (Price DM '15.60) 

DELBaRT, G., and A. Constant. “ Courbes de Transformation 
des Aciers de Fabrication Frangaise.”” Vol. I. La. 4to 
(loose-leaf). Illustrated. Saint-Germain-en-Laye [1954]: 
Institut de Recherches de la Sidérurgie. 

Enestrom, Ernar. Engelsk-Svensk Teknisk Ordbok. 
extended edition. 8vo, pp. 365. Stockholm, 
A.B. Svensk Travaru-Tidning. (Price Kr 35.—) 

Encstr6Mm, Ernar. Svensk-Engelsk Teknisk Ordbok. Fourth 
Edition. 8vo, pp. 272. Stockholm, 1953 : A.B. Svensk 
Travaru-Tidning. (Price Kr 25.—) 

Firth EmprrE MINING AND METALLURGICAL CONGRESS 
AUSTRALIA AND NEw ZEALAND, 1953. Handbook Aus- 
tralia and New Zealand. Edited by Malcolm Glen. 
Editor-in-Chief of Publications. M R. McKeown. §8vo, 
pp. xxviii + 255. Illustrated. Melbourne, 1953: 
Australasian Institute of Mining and Metallurgy. (Price 
£2 10s. Australian) 

‘GEORG FISCHER AKTIENGESELLSCHAFT. ‘‘ Aus der Entwicklung 
der Rader fir Lastwagen und Omnibusse.” La. 8vo. pp. 
xii + 176. Illustrated. Schaffhausen, 1952: Georg 
Fischer Aktiengesellschaft. 

Hau, E.O. Twinning and Diffusionless Transformations in 
Metals.” 8vo. pp. ix + 181. Illustrated. London, 
1954 : Butterworths Scientific Publications. (Price 30s.) 

HENvDERSON, J. G., and J. M. Bates. “ Metallurgical 
Dictionary.” 8vo, pp. xi + 396. New York, 1953: 
Reinhold Publishing Corporation. (Price 68s.) 

Hover, Orro. “ Das LEisenwerk—Die Kunstformen des 
Schmiedeeisens vom Mittelalter bis zum Ausgang des 18. 
Jahrhunderts.” 3, inhaltlich unverand. Aufl. 4to. pp. 34, 
Illustrated. Tiibingen, 1953: Verlag Ernst Wasmuth. 
(Price DM 42.-) 

Institut Pour Lt’ ENCOURAGEMENT DE LA RECHERCHE SCIEN- 
TIFIQUE DANS L’INDUSTRIE ET L’AGRICULTURE. “ T'rav- 
aux du Comité pour Etude du Fluage des Métaux aux 

Temperatures Ordinaires.” (Comptes Rendus de Re- 
cherches No. 11). 8vo, pp. 151. Illustrated. Brussels, 
1953 : The Institut. (Price 130 fr. Belgian) 

“Jahrbuch der Oberfléchentechnik, 1954.” 10. Auflage. 
[Previously Jahrbuch der Galvanotechnik]. Gesamt- 
bearbeitung W. Wiederholt. 8vo, pp. 800. Illustrated. 
Berlin-Grunewald, 1954 : Metall-Verlag G.m.b.H. (Price 
DM 5.40) 
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JOHANNSEN, OrTo. “ Geschichte des Hisens.” Dritte, vollig 
neu bearbeitete Auflage. La. 8vo, pp. 622. Illustrated. 
Diisseldorf, 1953: Verlag Stahleisen m.b.H. (Price 
DM 75.—; Members of the Verein Deutscher Eisenhiitten. 
leute, DM 67-50) 

LonepEN, Epwarp. Densening and Chilling in Foundry 
Work. Ferrous and Non-Ferrous Casting. 8vo, pp, 
xi + 178. Illustrated. London, 1954 : Charles Griffen 
and Co. Lid. (Price 28s.) 

Low, Brevis Brunet. “ Theory of Machines.” 
enlarged edition of an earlier publication entitled 
‘** Engineering Mechanics.”) 8vo, pp. vi + 472. Illus. 
trated. London, New York, Toronto, 1954 : Longmans, 
Green and Co. (Price 25s.) 

LuyKEN, W. ‘ Die Vorbereitung des Hochofenmillers ein- 
schliesslich der des Hochofenkokses.”” 8vo, pp. x + 377. 
Illustrated. Berlin-Géttingen-Heidelberg, 1953 : Sprin- 
ger-Verlag. (Price DM 37.50) 

“* Metal Finishing Guidebook—Directory, 1954.” 
nual Edition. 8vo, pp. 570. Illustrated. 
N.J., U.S.A., 1953: Finishing Publications, 
(Price $3) 

Miter, G. L. “ Zirconium.” (Metallurgy of the Rarer 
Metals, If; General Editor, H.M. Finniston.)  8vo, 
pp. xviii + 382. Illustrated. London, 1954: Butter. 
worths Scientific Publications. (Price 45s.) 

Murpuy A. J. (Editor). Non-Ferrous Foundry Metallurgy. 
The Science of Melting and Casting Non-Ferrous Metals 
and Alloys. 8vo. pp. x + 497. Illustrated. London, 
1954 : Pergamon Press Ltd. (Price 70s.) 

Moruesius, Votkmar. “ Du und der Stahl.” Werdegang 
und Weltgeltung der Eisenindustrie. 2. Aufl. 8vo, 
pp. 312. Illustrated. Berlin, 1953 : Deutscher Verlag. 
(Price DM 12.80) 

ORGANISATION FOR EUROPEAN 
** Galvanizing Techniques in the U.S.A.” 
Assistance Mission No. 78). La. 8vo, pp. 138. 
trated. Paris, 1953 : The Organisation. 

PirsorovucH, Leste. ‘‘ Applied Heat and Heat Engines.” 
8vo, pp. x + 328. Illustrated. London, 1954 : Butter- 
worths Scientific Publications. (Price 35s.) 

Pratt, ArtHUR D. “ Principles of Combustion in the Steam 
Boiler Furnace.” Revised 1936 ; reprinted 1943, 1948, 
and 1950. 8vo, pp. 112. Illustrated. London, 1950: 
Babcock and Wilcox, Ltd. 

Riesy, G. R. ‘“ The Thin-Section Mineralogy of Ceramic 
Materials.” Second edition. With a Foreword by 
A. T. Green. 8vo, pp. 231. Illustrated. Stoke-on- 
Trent, 1953 : The British Ceramic Research Association. 
(Price 32s. 6d.) 

Somicii, GuerietmMo. “ Breve Storia della Fonderia.” 
(Collana Technica A.I.M.4.) Prefazione del Prof. Raoul 
Dupuis con una appendice sulla cronologia dei cubilotti. 
8vo, pp. 83. Illustrated. Milano, 1953: Il Centro 
Fonderia, Associazione Italiana di Metallurgia. (Price 
1000 lira) 

Specut, F. 
Technik.” 
anorganischtechnischer Produkte. 


(New and 


22nd An. 
Westwood, 
Ine. 


Economic Co-OPERATION. 
(Technical 
Tllus- 


“* Quantitative anorganische Analyse in der 
Untersuchungsmethoden fiir eine Auswahl 
Pp. 238. Illustrated. 
Weinheim/Bergstrasse, 1953: Verlag Chenie, G.m.b.H. 
(Price DM. 17.80) 
STRAGER, HANSJAKOB. 


““ Untersuchungen tiber die korrod- 
ierende Wirkung von Ammoniumsalzen auf Metalle.” 
Von der Eidgenossischen Technischen Hochschule in 
Ziirich zur Erlangung der Wiirde eines Doktors der Tech- 
nischen Wissenschaften genehmigt. 8vo, pp. [vi +] 118. 
Illustrated. Ziirich, 1952 : Schmidberger und Miiller. 

** Stahl im Hochbau.”” Handbuch fiir Entwurf, Berechnung 
und Ausfiihrung von Stahlbauten. Hrsg. vom Verein 
Deutscher Eisenhiittenleute, 12th Ed. 8vo, pp. 939. 
Illustrated. Diisseldorf, 1953. Verlag Stahleisen 
m.b.H. (Price DM 40.—) 

StoucHTon, BrapLey, H. Atiison Butts, and ArpREY M. 
Bounps. ‘ Engineering Metallurgy.” A Textbook for 
Users of Metals. Fourth edition, 8vo, pp. ix + 479. 
Illustrated. New York, London, Toronto, 1953: 
McGraw-Hill Publishing Company, Ltd. (Price £2 13s. 6d.) 

Sutty, A. H. ‘Chromium. (Metallurgy of the Rarer 
Metals, I ; General Editor, H. M. Finniston.) 8vo, pp. 
xii + 272. Illustrated. London, 1954: Butterworths 
Scientific Publications. (Price 35s.) 
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-.. men who've spent twenty, thirty years and more in 
steel founding. 
machine men 


Pattern - makers, core-makers, fettlers, 
the ways of steel are ways of life to these 
craftsmen of Lloyd’s. 


Delicate laboratory controls, vital as they cannot 


Machines—such as the mighty Speedslinger (illustrated 


y are, 
supplant the inborn feeling of these men for their material. 
right centre), that rams one ton of sand per minute into a 


mould—ease their labour but can never replace their skill. 


To such men, with ‘steel in their bones’, Lloyd’s 


owes itS reputation for the highest attainable quality 
in steel castings. 


Meet (yd BRITAIN’S BEST EQUIPPED STEEL FOUNDRY 
® H. LLOYD & CO. LTD., 


JAMES BRIDGE STEEL 


WORKS, WEDNESBURY, STAFFS TELEPHONE DARLASTON 
April, 1954 
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\ The Conveyancer 6-20 fitted with the * Man: .- 
4 lator ” handles billets and drop forgings; fe. ‘s 
them into Re-heat furnaces and removes th 
. to press or hammer for further operatic 
with uncanny ease and accuracy. | 
elimination of clutch and gear changing 
the automatic turbo-transmission dr: 
makes the 6-20 the ideal fork truck 
the steel industry. Other attachme 
are available for handling almost a 
material. 
Our Advisory Service is free and 
your call. 


FORK TRUCKS LTD. 


LIVERPOOL ROAD, WARRINGTON 
MEMBER OF THE OWEN ORGANISATION 











CONSTABLES 
FLUORITE 


Fluorspar of high calcium 





fluoride and low silica content 
for all metallurgical purposes. 
Export enquiries welcomed. 






Guaranteed quality. 





CONSTABLES (MATLOCK QUARRIES) | i i 


Members of British Fluorspar Producers Association 


BANK HOUSE. THE BRIDGE, -MATLOCK, DERBYSHIRE - TELEPHONE MATLOCK 74] 
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WELDEDan/ 
RIVETTED VESSELS 





and allied items of static industrial V4 
plant...are obtainable from Wards’ 
Industrial Plant Depots at Sheffield, 
Silvertown, Glasgow and Briton 
Ferry. In this field, as in others, 
economical used plant is usually .. 
available at these centres. 


\e . 
Stock Lists of new and Secondhand Industrial -\ 


Plant available on request. oN 
t 


INDUSTRIAL PLANT DEPARTMENT 
f ALBION WORKS - SHEFFIELD 


Uf — BRETTENHAM HOUSE - LANCASTER PLACE - STRAND ~ W.C.2 
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THE IRON AND STEEL INSTITUTE, 4, GROSVENOR GARDENS, LONDON, S.W.I 


SPECIAL REPORT No. 46 
THE ALL-BASIC OPEN-HEARTH FURNACE 


Amply illustrated with diagrams and photographs. Bound in cloth with stiff board covers 


Price: Members I 5s. 


Non-members 25s. 





The latest addition to the series of Special 
Reports published by the Institute is a report 
on “The All-Basic Open-Hearth Furnace’’, pre- 
pared by a joint sub-committee of the British 
Ceramic Research Association and the British 
Iron and Steel Research Association. The 
papers were presented at the 36th Steelmaking 
Conference at Ashorne Hill in May, 1951, and 
a report of the discussion at the Conference is 
included. 

The All-Basic Open-Hearth Sub-Committee 
was formed shortly after the war ended to pro- 
mote research on and development of the all- 
basic furnace, and as a result of preliminary study, 
six furnaces of varying designs were constructed, 
five in Great Britain and one in Holland. 


Very full details of the experiments made on 
these furnaces, together with the results, and 
observations of their performance, are presen- 
ted in Part I11 in what is considered to be the 
most suitable form for study and comparison of 
results ; it is hoped that this will constitute in 
the future a standard method of recording 
information. The potentialities for further re- 
search and development are considered to be 
very great, and the Report suggests the lines 
along which future investigation should be 
carried out, if the all-basic furnace is to become 
an economic proposition. Great stress is laid on 
the need for the development of an improved 
and cheaper basic brick, and for better aero- 
dynamic and mechanical design. 








Copies may be obtained by application to the Secretary, 
The Iron and Steel Institute, 4, Grosvenor Gardens, London, S.W.| 
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PIG CASTING MACHINES 


Lubricating Tw 





wot 


TANWAY “G.P.” 
Centralized 
Lubrication 

equipment fitted to 

two Pig Casting Mach- 
ines at a large British 

Steel Works has 

effected really sub- 

stantial economies. 


The positive lubrica- 
tion assured by Tan- 
way ‘‘G.P.’’ has elim- 
inated sticking rollers, 
has increased bearing 
life enormously, has 
reduced labour and 
maintenance costs, 
and has stepped up 
operational efficiency. 


Please ask for technical 
literature describing 
the System. 


(left) View showing some of the 560 Stationary Roller Whee 
Bearings lubricated by the Tanway ‘‘G.P.’’ System. 
( below) General view of the two Pig Casting Machines. 


CENTRALIZED LUBRICATION 








TANWAY LTD..BARNBY DUN. DONCASTER. ENGLAND 


TELEPHONE: BARNBY DUN Bo 


April, 1954 








HARDENING 
HIGH SPEED 
STEEL 


The use of con- 
trolled atmosphere 
in various heat treat- 
ment processes is 
now firmly estab- 
lished and this is 





especially important 
in the hardening of 
high-speed steel. 


The illustration shows a 
typical installation of 
gas-fired furnaces for 
this purpose. 














mssociated with SURFACE COMBUSTION CORPORATION, TOLEDO, U.S.A. 



















Structural Steelwork | 
Colliery Arches 
Forging Blooms 
Sections 
Joists 

Slabs 






Works and 
Head Office :— 
FLEMINGTON 

MOTHERWELL 


Phone; - Motherwell 347 
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Coal blending for carbonisation at John Summers & Sons Ltd., Shotton, Flint, 
by the Robins-Messiter system. 


This most efficient system has already been widely applied to the blending of ores. 


FRASER € CHALMERS 





FRASER & CHALMERS ENGINEERING WORKS 
ERITH - KENT 
HE GENERAL ELECTRIC CO. LTD., OF ENGLAND 





1pril, 1954 3 











At a 

Steel Works 
in 

Wales 


A 9’ 0” diameter COCHRAN Sinuflo 

Waste-heat boiler producing 9,500 lbs. 
of steam per hour at 120 lbs./sq. in. 
pressure from the Waste gases leaving 





oil-fired soaking pits, at the Steel Works 


Carmarthenshire. 


34, Victoria Street, London, S.W.|. 








of the Llanelly Steel Co. (1907) Ltd., i 


COCHRAN & Co., ANNAN, LIMITED, ANNAN, 
DUMFRIESSHIRE, SCOTLAND, and at i 








TAS/CH. 510 





FOSTER 


PYRORMETERS 


For over 40 years we have specialised in the design, produc- 
tion and application of pyrometers. This experience has 
enabled us to produce a range of instruments to satisfy 
Bin Aacerder the needs of practically every modern industrial process. 
Your problem in pyrometry is our problem and, having 
solved it, we ensure that the instruments supplied continue 
to give satisfactory and reliable service. 


x We also make the 


FOSTER INTROSCOPE 
for internal inspection of 





5° Scale Circular Wall Type Indicator 
Mutti-Point Strip Chart Recorder 


10° Scale Flush-mounting Indicato~ 





inaccessible parts, includ- 
ing pipe welds, diesel 
jets, etc, 





FOSTER INSTRUMENT CO., LTD., LETCHWORTH, HERTS. 


Telephone : LETCHWORTH 984 (3 lines) ENGLAND Telegrams: RESILIA, LETCHWORTH 
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Pickf 


April, 195 














Refractories 


of all Shapes and Sizes 


Care of manufacture, highest 
quality materials and up -to- 
date plant ensure that P.H. 
Refractories are consistent 

in shape, consistent in size, 
consistent in texture and 
consistent in performance. 
















ARE Ks 





Pickford, Holland & Co. Ltd., Sheffield | Telephone 41191 


April, 1954 
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In addition to the design and manufacture of 


attention to the cooling of Quenching Oil used in 
the Heat Treatment of steel and other metals. 
For this work the “ Visco ” Spray-Blast Oil Cooler 


cooling oil-cooled transformers; etc. 

One distinct advantage of “ Visco” 
Oil Coolers is that the cooling medium is never in 
contact with the hoi oil, hence the characteristics 


of the oil are not impaired by oxidation. 












MINERAL WOOL PRODUCTS 
for Thermal Insulation up to 1,500°F. 


STILLITE PRODUCTS LTO. 


Because 


such a_ wide 


not all. 


available, 


with mesh, 
gloss paint where required. 
say no more 
STILAG and 


15 WHITEHALL, 





STILAG pre-formed sections 
are produced solely for pipe insulation 
they are unusually efficient even over 
temperature range as 
— 400°F. to + 1,500°F. But that is 
STILAG sections are readily 
plain or fabric covered, in 
standard sizes and various thicknesses 
to suit pipes from 
and the short lengths simplify storage, 
transport, handling and actual applica- 
tion. They are by far the most convenient 
form of pipe insulation. 
tions are fireproof, mechanically strong. 
and water repellent, but can be covered 
metal sheeting, bitumen or 


here. Full details of 
advice on its application 
can be obtained from the principal in- 
sulating contractors or from our London 
office. 


LONDON, S.W.1. REL: 













4” to 12” diameter, 









STILAG sec- 











Fabric-covered STILAG 
tions being applied. Note he 
ease with which sharp b: ds 
may be negotiated in s) all 

pipe sizes. The pipeline sh wn 
in the background is insul: ed 
with plain STILAG wired on ond 
finished with fabric app ed 

“‘puttee fashion”. 


We need 


WHITEHALL 0922 





VISCO. 


Water Cooling Plant, we have for years devoted 


is greatly favoured by steel works for the cooling 
of forgings and tools; by aero engine makers for 


cooling crankshafts; by electricity undertakings for 


Spray-Blast 


Units can be built up to any capacity required. 


* Spray - Blast” 
U eis CHING OIL COOLERS 





Three “Visco” Spray-Blast Oil Coolers, working 
in series, dealing with a total of 16,200 gal. of 
quenching oil per hour, supplied to Wm. Beard- 
more & Co. Ltd. for a Ministry of Supply factory. 


Consult us on your Oil Cooling Problem. 


Phones: CROydon 4181/4 
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| 


GUEST KEEN BALDWINS 
IRON & STEEL CO. LTD. 





LONDON OFFICE: HEAD OFFICE: BIRMINGHAM OFFICE: 
SHELL MEX HOUSE, | 
VICTORIA EMBANKMENT, CARDIFF 17-19, EXCHANGE BUILDINGS | 
W.C.2 
TELEPHONE TEMPLE BAR 0621 TELEPHONE 3055! TELEPHONE MIDLAND 026! 





MANUFACTURERS OF 





STEEL BLOOMS AND BILLETS 

STEEL SHEET BARS 

LIGHT RAILS 

SLEEPERS 


STEEL COLLIERY ARCHES and 
PIT PROPS 


PIG IRON 


BASIC, HEMATITE AND FOUNDRY 


Works: 


CARDIFF, DOWLAIS, and BRITON FERRY 
On Admiralty, War Office and Air Ministry Lists 





























4, Grosvenor Gardens, London, S.W.1. 


PRICE LIST OF PUBLICATIONS 


(Detailed classified list available on request). 


Libraries 
Published Members’ and 
Price Rate Technical 
Societies 


: os. @, gE « 2. c+: <@ 
1. Monthly Journal (1947 onwards). 


Subscription rate perannum. (Index free 
on request) ‘hs x ae isa 5 0 
Postage pub ss on cai 8 
Single issues — sie = es 10 

Postage ves ie 
Binding Cases, per annum eas 7 10 


awdOooo 
MHODOO 

© Ow 
OO LO 


10 


2. Bound Volumes (1947 onwards). 
Subscription rate per annum ai volumes) 5 
Postage on des 
Single volumes... ss aks ve 2 
Postage 


Ono 
ooOwe 

he 
oOoOwoe 

®t @& 
CO & GC > 


3. Journal (up to and including 1946). 


Per volume i es ‘is a 2 0 
Postage 


1 13 


oo 
— 
oO 

oo 

O > 


4. Carnegie Scholarship Memoirs (up to and includ- 
ing 1938). 
Per volume (Postage extra) wits is 16 0 10 0 13 4 


5. Special Reports. 
(a) Second Ingot Report; Nos. l, 2, 
13, 14, 21, 24, 25, 26, ‘28, 32, 33, 35, 
36, 37, 40, 42, 46 ] 
(b) Third ‘Ingot Report; Nos. 3, 7, 10, 
15, 17, 18, 22, 23, 27, 29, 34, 47, 48, 
49 
(c) No. 31 
(d) No. 41 ... ea ee ae 5c 
(e) No. 43... ine an ‘on ~ 3 
(f) No. 11... _ N 
Postage extra in certain cases 


ol 
oO 
— 
ol 
So 
_ 
oO 
© 


_ 


© 014103 
COMO 
Qwwwn 
Qeoeom 
Q © sop 
OnwWoD 


6. Indexes. 
1869-1896 ; 1890-1900; 1901-1910; 1911- 
1921; 1922-1931 
Per volume. (Postage extra) ... se 16 0 10 0 13 4 


7. Bibliographies. 
(a) Nos. 3A, 4, 5A, 6, 8, 8A, 8B, 9, 10, 
11, 12, 14, 14A, 16, 17, 18, 19 each .. 2 
(b) No. 13 |... i a 10 
(c) Nos. 13A, 15 and 20 ... eu "= 1 § 


oon 
ww] 
OD 
Oonw 
ono 


8. Reprints of Papers printed in the Journal. 
Corrosion and Protection of Iron and 
Steel (List on application) 
(a) Up to and including July, 1951 ... 2 6 1 3 
(b) From and including August, 1951 5 0 5 0 
Miscellaneous seal to and canine 1946 
only) vas 2 6 i 2 2 0 


oto 
oo 
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|| THE 
TWO-STAGE 
GAS PRODUCER 








Every engineer who is concerned with the operation of Producer 
Gas Plant should read this booklet. Copies can be obtained from the 
International Furnace Equipment Co. Ltd., of Aldridge, Staffordshire. 


IFE is the sole licensee to build and install GI Two-Stage Gas 
Producers in Great Britain and Commonwealth countries. 


Enquiries and requests for copies of 
this booklet should be addressed to:— 


THE INTERNATIONAL 
FURNACE EQUIPMENT CO., LTD. 
ALDRIDGE, STAFFORDSHIRE. 


Combustion Engineers 





TUTE § 4 pril, 1954 79 











THE 


DARWINS 


GROUP 


SHEFFIELD - ENGLAND 









Specialists in the production of high grade 
heat resisting and corrosion resisting alloy 
castings. 


Illustration shows the preparations of moulds. 





DARWINS LTD. 
TOOL STEELS * HACKSAW BLADES * PERMANENT 
MAGNETS * HEAT & ACID RESISTING CASTINGS 


é vil, ANDREWS TOLEDO LTD. 
; CARBON & ALLOY CONSTRUCTIONAL STEELS 
WM ANDREWS TOLEDO (wire ROD) LTD. 
itis SPECIAL CARBON & ALLOY WIRE ROD 


SHEFFIELD FORGE AND ROLLING 
MILLS CO. LTD. 


CARBON & ALLOY STEEL BARS & SHEETS 


WARDSEND STEEL CO. LTD. 
AGRICULTURAL & TOOL STEEL SHEETS 


‘FULBOND’ 


TRADE MARK 





For sand texture and 
good skin 


’ FULBOND’ fives 


the sand smooth 








texture—the 





castings good finish 











For service and information write to:— 


THE FULLERS’ EARTH UNION LTD. 


Patteson Court, Redhill, Surrey Tel: Redhill 3521 
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) fonnage 
oxygen 


and steel 


OXYGEN IN BULK has already proved its value in steel making. As 


bd 


new processes are adopted, medium purity or “tonnage” oxygen will 


help to make more steel better and cheaper. 


Big scale use of tonnage oxygen in the basic steel-making processes 
means a new plant somewhere. Each case calls for careful study — and 
costs will be lower in the long run if the method of supply is exactly 


matched to the project. 


British Oxygen are established builders in their own workshops of 


high purity oxygen plants—including the very largest. Having worked 





closely with the steel industry on research and experiment in the tonnage 
oxygen field, British Oxygen are equipped and ready for every practical 


application. 


British Oxygen 


COMPANY LIMITED 





BRIDGEWATER HOUSE - ST.JAMES’S - LONDON - S.W.I 
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DAIRDS & SUOTTIS STGEL 


' Tt E D 


S Tee 
OPEN HEARTH PROCESS 


Blooms, Slabs, Billets and Sheet Bars ; Light 

Rails and Rolling Stock Sections ; Bars, 

Hoops and Strips, Reeled Bars ; Splayed 
Coopers and Baling Hoops. 


: WROUGHT IRON 


Bars, Angles, Tees, Channels, etc. 
Horse Shoeing Bars, Tyre Bars. 


PIG IRON 


FOUNDRY -« FORGE - HEMATITE 
BASIC and HIGH PHOSPHORIC 
Brands: ‘‘Gartsherrie’’, ‘‘Eglinton’’ and “Bairds H.P.”’ 


COKE NUTS 
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Blast Furnaces at the ISCOR works, 
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ASHMORE, BENSON, PEASE & COMPANY 
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Illustration is of a furnace approach table—part of a 
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